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*THHE  object  I  have  had  in  mind  in  producing  this 
-*-     book  has  been  to  give  a  systematic  and  careful 
account  of  our  present  knowledge  of  the  origin  and 
occurrence  of  the  Iron  Ores  of  Great  Britain,  and  of 
the  means  of  reaching  and  working  such  ores.     I  have 
given  also  a  brief  account  of  the  early  working  of  the 
ores    in    this    country.       A    considerable    amount    of 
practical   information   is   introduced   with  reference  to 
some  of  the  more  important  ores  of  Spain.     A  book 
covering    this  ground    will,   I    conceive,   meet  a  very 
great  want — a  point  which  will  surely  not  need  urging 
in  view  of  the  vast  importance  of  our  Iron  industries, 
and  of  the  fact  that  the  published  information  of  the 
last  thirty  years,  relating  to  the  Ores  of  that  metal, 
can  only  be  found  by  a  laborious  search  through  the 
"  Transactions  "  of  a  number  of  scientific  bodies ;  while 
even    then   it  is   only  an    imperfect    and    interrupted 
view  of  the  subject  which  is  obtainable. 

The  present  volume  should,  therefore,  prove  useful 
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to  all  who  are  practically  interested  in  the  Iron  Ores 
of  this  country,  whether  from  the  commercial  or  the 
scientific  standpoint ;  and  it  is  hoped,  moreover,  that 
it  will  be  of  service  to  those  who  are  engaged  in 
searching  for  or  working  such  ores  in  other  countries. 
In  fact,  having  myself  examined  many  deposits  of 
different  kinds  in  various  parts  of  the  world,  I  feel  very 
sure  that  this  will  be  the  case. 

It  will  be  observed  that  all  the  Ores  noticed  in  the 
book  are  not  treated  with  equal  fulness,  preference 
having  been  given  to  those  of  the  greatest  commercial 
or  scientific  importance,  so  as  to  keep  the  volume  within 
moderate  limits. 

It  may  be  added  that  the  facts  relating  both  to  the 
geology  and  the  mining  of  the  ores,  which  are  set  out 
in  the  work,  have  been  derived  almost  entirely  from  my 
own  observations,  as  I  have  had  special  opportunities, 
during  the  last  thirty  years,  of  becoming  acquainted — 
more  or  less  intimately — with  every  description  of  Iron 
Ore  deposit  within  the  United  Kingdom. 

Whitehaven, 

January,   1893. 
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INTRODUCTION. 


TO  its  immense  stores  of  iron  and  coal  Great  Britain  pro- 
bably owes  as  much  of  its  supremacy  as  it  does  to  its 
insular  position  or  to  the  race-characteristics  of  its  people.  Had 
we  been  placed  in  a  country  entirely  devoid  of  either  iron  or 
coal  the  whole  course  of  recent  history  would  have  been 
changed.  Our  railways  and  steam-engines,  with  all  that  depend 
on  them,  and  the  enormous  revolution  they  have  effected  in 
the  social,  commercial,  and  scientific  worlds,  might  still  have 
been  but  possibilities  of  the  future. 

There  is  probably  no  piece  of  country  in  the  world,  of 
equal  area,  which  possesses  such  enormous  resources  of  coal 
and  iron  as  Great  Britain ;  but,  owing  to  the  peculiar  character 
of  our  mineral  laws,  we  work  at  a  great  disadvantage  com- 
pared with  other  nations.  Our  system  of  royalties  and  way- 
leaves  is  a  serious  hindrance  to  working,  especially  of  inferior 
deposits.  Even  rich  deposits,  however,  can  scarcely  be  worked 
profitably  in  times  of  dull  trade.  The  imposition  of  high 
royalties  is  injurious  not  only  to  lessees  and  the  nation  at 
large,  but  to  lessors  as  well,  for  the  simple  reason  that  a  lessee, 
working  under  difficulties,  will  only  take  the  most  easily  obtained 
mineral,  leaving  behind  him,  at  times,  enormous  quantities  to 
be  lost,  most  probably,  to  the  lessor,  the  nation,  and  the  world. 
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Another  branch  of  the  same  question  is  the  locking  up  of 
mineral  properties  so  that  they  cannot  be  worked.  This  is 
even  more  a  national  matter  than  the  one  of  royalties,  for  the 
nation  alone  can  deal  with  it.  Mining  adventurers  may  refuse 
to  take  a  property  on  terms  which  they  consider  prohibitory, 
but  they  cannot  compel  a  landlord  to  let  them  any  particular 
property  which  he  does  not  wish  to  have  worked,  or  which  he 
is  withholding  from  the  market  for  the  purpose  of  enhancing 
its  value  at  some  future  date.  The  nation,  however,  can  do 
this ;  and  if  we  are  to  maintain  our  own,  in  the  struggle  for 
existence,  it  will  have  to  be  done.  The  writer  knows  of  many 
properties  containing  deposits  of  iron  ore  which  are  locked  up 
in  this  way,  to  the  great  detriment  of  the  districts  in  which 
they  lie,  and,  of  course,  to  the  nation's  loss  as  well.  In  this 
respect  tenants  are  as  much  to  blame  as  landlords,  for  they 
frequently  hold,  unworked,  for  years,  large  tracts  of  land  which, 
if  worked,  would  add  greatly  to  the  country's  wealth. 

Then  there  is  the  question  of  letting  down  the  surface. 
It  is  impossible  to  work  profitably  many  deposits  of  iron  ore 
without  actually  destroying  the  surface  for  agricultural  purposes. 
But  as  the  law  now  stands,  a  mineral  lessee  cannot  in  some 
cases  do  this;  in  other  words,  he  cannot  work  his  minerals 
without  the  consent  of  the  surface  owner,  if  the  ownership  of 
the  minerals  and  surface  is  divided.  Here,  too,  the  law  needs 
amendment,  for  the  consent  of  the  surface  owner  can  only 
be  obtained,  at  present,  by  payments  out  of  all  proportion  to 
the  value  of  the  land  injured. 

It  is  to  be  hoped  that  the  work  of  the  Royal  Commission 
on  Royalties  will  not  be  thrown  away,  but  that  some,  or  all, 
of  the  matters  above  alluded  to  may  be  speedily  rectified  by 
parliamentary  interference.  The  writer  has,  however,  doubts, 
for  he  has  very  little  confidence  in  the  method  employed  by 
Royal  Commissions  for  arriving  at  the  whole  truth.    Cross- 
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examination  by  persons  representing  opposing  interests  alone 
can  do  this.  True,  the  Royal  Commission  on  Royalties  is 
constituted  so  that  the  various  conflicting  interests  may  be 
heard ;  but  the  local  knowledge  of  each  member  is  necessarily 
limited,  and  therefore  a  witness  may  tell  as  much,  or  as  little, 
as  will  suit  his  own  case ;  and  the  Commission  have  no  means 
whatever  of  knowing  whether  he  has  told  the  whole  truth. 
Cross-examination  of  witnesses  by  persons  other  than  the 
Commissioners  would  bring  out  much  that,  in  the  present 
system,  might  be  suppressed.  The  writer  knows  of,  at  least, 
one  case,  before  the  recent  Commission,  in  which  a  witness 
would  have  told  a  very  different  story  if  he  had  been  cross- 
examined  by  some  one  from  his  own  neighbourhood. 

Another  matter  of  urgent  importance  for  the  economical 
utilisation  of  our  iron  resources,  is  that  those  engaged  in  the 
management  of  mines  should  have  a  more  thorough  knowledge 
of  the  nature  of  irregular  ore  deposits  than  they  very  frequently 
have.  It  is  really  lamentable  to  see  the  way  in  which  money 
is  often  wasted  in  searching  for  these  deposits  in  situations 
where  a  fuller  knowledge  of  stratigraphy  and  of  the  nature 
of  mineral  deposits  would  have  shown  there  was  not  the 
remotest  chance  of  finding  them.  In  these  days  of  technical 
and  scientific  education,  surely  it  is  not  too  much  to  ask  that 
those  charged  with  the  direction  of  mineral  explorations  should 
understand  at  least  the  elements  of  their  work.  It  would, 
however,  surprise  the  public  to  know  how  often  this  essential 
knowledge  is  wanting,  even  where  one  might  reasc>nably  expect 
it  ought  to  exist.  In  many  cases,  however,  it  is  not  to  be 
expected.  Men  are  taken  from  the  office  or  the  shop,  and 
put  in  charge  of  technical  operations  of  the  most  complicated 
character,  without  the  least  previous  preparation.  Having  spent 
nearly  thirty  years  in  practical  mining  in  various  parts  of  the 
world,  and  in  mineral  deposits  of  different  kinds,  the  writer 
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has  not  the  least  hesitation  in  saying  that  the  acquirement 
of  anything  like  an  accurate  practical  knowledge  of  irregular 
deposits  is  the  most  difficult  subject  with  which  the  mining 
engineer  has  to  deal;  and  yet  how  often  do  we  find  the 
difficulty  entirely  ignored,  with  the  natural  result,  that  the 
cost  of  exploring  is  increased  enormously.  The  interest  and 
redemption  of  money  thus  wasted  amounts  practically  to 
another  royalty,  one,  however,  which  the  mining  public  can 
free  themselves  from,  without  the  intervention  of  Parliament, 
once  its  true  character  is  realised. 
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THE   IRON    ORES   OF    GREAT 

BRITAIN. 


CHAPTER   I. 
INTRODUCTORY. 

It  is  impossible  to  write  anything  like  a  complete  history  of 
the  working  of  iron  ore  in  the  British  Isles,  for  unfortunately 
(but  as  always  happens  when  it  is  necessary  to  look  far  back 
into  the  past),  the  "  first  beginnings  "  are  lost  in  the  thickening 
haze  of  time ;  and  even  in  the  nearer  prospect  but  a  very 
imperfect  view  is  obtained.  In  this  case,  however,  the  im- 
portance diminishes  as  the  backward  time  increases,  so  that 
there  is  less  reason  than  often  exists  for  regretting  our  inability 
to  open  out  the  past  To  fill  in  the  gaps  between  points  that 
may  be  somewhat  distinctly  observed  in  the  prospect  by  mere 
conjecture,  although  it  might  present  upon  the  whole  a  unifying 
and  pleasing  result,  could  not  possibly  produce  a  true  picture. 
All,  therefore,  that  will  be  attempted  here  is  an  outline  delinea- 
tion of  some  of  those  features  which  are  most  clearly  dis- 
cernible. In  doing  this,  it  may  be  useful  to  look  first  at  some 
of  the  more  salient  points  in  the  development  of  the  Iron 
trade  generally,  before  taking  the  different  iron-ore-producing 
districts  in  detail. 

It  can  scarcely  be  doubted  that  charcoal  was  the  fuel  used 
in  making  iron  prior  to  Dudley's  discovery  of  producing  it 
with  coal  in  1618,  and,  even  after  that  date,  charcoal  appears 
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to  have  been  principally  used  until  Darby's  discovery  in  1735, 
owing  to  the  want  of  success  up  to  that  time  attending  the 
manufacture  of  iron  with  coal ;  for  Dr.  Plott,1  writing  in  1686, 
says :  "  The  last  effort  that  was  made  in  this  country  for  making 
iron  with  pit  coal  was  with  raw  coal  by  a  Mr.  Blewstone,  a 
German,  who  built  his  furnace  at  Wednesbury."  This  last 
experiment  is  said  to  have  been  conducted  with  raw  coal ;  but 
that  was  not  because  they  were  ignorant  of  the  method  of 
coking,  for  Dr.  Plott  further  says:  "They  have  a  way  of 
charring  the  coal  in  all  particulars  the  same  as  they  do  wood. 
The  coal  thus  prepared  they  call  cokes,  which  conceives  as 
strong  a  heat  almost  as  charcoal  itself,  and  is  as  fit  for  most 
uses  but  for  melting,  fining,  and  refining  of  iron,  which  it 
cannot  be  brought  to  do,  though  attempted  by  the  most  skilful 
and  curious  artists." 

This  exclusive  use  of  charcoal  led  to  great  destruction  of 
timber  in  all  parts  of  the  country  where  iron  was  found,  and 
we,  in  consequence,  meet  with  numerous  Acts  of  Parliament 
prior  to  Dudley's  time,  prohibiting  in  certain  areas  the  use  of 
timber  for  iron-making,  and  even  the  erection  of  ironworks. 
So  long  as  charcoal  only  was  used  in  iron-making  it  was  im- 
possible there  could  be  any  considerable  expansion  of  the  iron 
trade,  as  the  quantity  of  timber  was  necessarily  so  very  limited, 
and,  as  a  result,  we  find  that  in  those  early  days  iron  was 
largely  imported  from  abroad.  The  difficulty,  however,  in  the 
use  of  coal,  alluded  to  by  Plott,  was  at  last  overcome  by 
Abraham  Darby  at  Coalbrookdale  in  1735.  Since  then  the 
remarkable  development  of  the  iron  trade  is  briefly  indicated 
by  the  following  table : — 

Production  of  Iron 
in  Great  Britain. 
Year.  Tons. 

ijQo.         ...         ...         «••         ...         ...         ...         ...         */i35 

1760. —S meat on's   improved   blowing    engine    first 

erected  at  Carron. 
1 783.-4 — Patents  granted   to  Cort  for  puddling  and 
1 784./  rolling  iron. 

»  -  Natural  History  of  Staffordshire." 
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Production  of  Iron 
in  Great  Britain. 
Year.  Tona. 

I/00»  .  ••  ...  •>•  •••  ...  •••  •••  OI|jWv* 

1788. — Watt's  improved  steam-engine  began  to  be 

used  in  iron-making. 
1796.       ...        ...        ...        ...        ...        ...        ...        125,079 

1801. — Blackband  ironstone  of  Scotland  discovered. 

I0O0.       ...         ...         ...         ...         ...         ...         ...        ^43'  5 

1023.   •••    •••    •••    •••    •••    •••    •••    45  5i^^^ 

1829. — Hoi-blast  introduced  by  Neilson. 

1 030.       ...        ...        ...        ...        ...        ...        ...        o77>4'7 

1839*    •••     •••    •••     •••     •  ••     •••     ••*   1 ,248,00 1 

1842. — Iron  beginning  to  be  used  in  shipbuilding. 

1844. — Commencement  of  railway  mania. 

1847*   •••    •••    •••    •••    ...    •••    •••   1,999,608 

1851. — Cleveland  ore  commenced  to  be  worked  ex- 
tensively. 

IOSZ.  ...  ...  ...  ...  ...  ...  ...         mjj%J*f\AJ\J 

1852. — Northamptonshire    ore    commenced    to  be 

worked  extensively. 

1856. — Bessemer    announced    the  success    of  his 

method  of  steel-making. 

I0O5.       ...        ...        ...        ...  ...        ...  ...     4»°*5»*54 

looo.        ...         ...         ...          ...  ...          ...  ...      7i/49j  »$3 

I090.       ...        ...        ...        ...  ...        ...  ...     7?9^4i^^4 

For  the  last  fifteen  or  sixteen  years  an  increasing  quantity 
of  ore  has  been  imported  from  Spain — amounting  in  1890 
to  about  3,000,000  tons — and  an  insignificant  quantity  from 
North  Africa,  otherwise  the  enormous  production  of  iron 
shown  above  has  been  obtained  from  native  ores. 

Having  glanced  at  the  progress  of  the  iron  trade  gene- 
rally, let  us  next  look  at  it  more  in  detail,  so  as  to  obtain 
some  idea  of  its  rise  and  progress  in  the  different  parts  of  the 
country. 


CHAPTER  II. 
THE  EARLY  WORKING  OF  IRON  ORES. 

Cumberland.    It  is  quite  uncertain  when  haematite  was  first 

worked  here  ;  but  it  can  scarcely  be  doubted  that  the  haematite 

veins  of  the  Lake  District  mountains  attracted  attention  before 

the  more  important  deposits  now  being  so  extensively  wrought 

in  the  carboniferous  rocks ;  for  the  simple  reason  that  the 

mountain'  veins  are  so  much  more  easily  found,   being  in 

many  cases  plainly  seen  on  the  surface.     On  the  other  hand, 

the  carboniferous  rocks  are,  generally  speaking,  obscured  by 

a  covering  of  glacial  matter,  which  varies  in  thickness  from  a 

few  feet  to  more  than  twenty-five  fathoms ;  so  that  the  haematite 

deposits  in  them,  even  when  not  overlain  by  solid  rock,  would 

only  be  found  by  digging  through  the  glacial  deposits ;  an 

operation  for  which  in  early  days,  except  where  thin,  there 

would  be  little  need. 

In  nearly  all  the  valleys  of  the   Lake  District  there  is 

indirect  evidence  of  the  early  working  of  iron  ore.     Heaps  of 

iron  slag  occur  by  the  side  of  almost  every  stream  of  any 

importance  in  the  neighbourhood  of  iron  ore.    Some  of  these, 

the  history  of  which  is  unknown,  may  be  seen  by  the  side  of 

Whiteoak   Beck,  near  Lowes  Water ;  at  the  foot  of  Smithy 

Beck,  Ennerdale ;  by  the  river  Calder,  near  Thornholme ;  by 

the  side  of  the  Irt,  near  the  Strands  ;  and  at  the  foot  of  Wast- 

water,  as  well  as  in  Eskdale.    The  fact  of  these  slag  heaps 

being  in  such  positions  would  seem  to  indicate  that  they 

belong  to  a  period  subsequent  to  that  of  the  wind-furnace  or 

even  its  immediate  successor — the  furnace  urged  by  hand- 
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bellows,  or  their  equivalent — and  that  they  may  fairly  be 
allocated  to  the  time  when,  by  the  operation  of  that  universal 
process  in  nature  which  secures  the  survival  of  the  fittest, 
machines  urged  by  manual  labour  gave  place  to  more  powerful 
machines  impelled  by  water.  This  was  the  last  stage  passed 
through  in  the  evolution  of  the  means  of  blowing  iron  furnaces, 
prior  to  the  utilisation  of  the  steam-engine  for  that  purpose ; 
so  that,  although,  as  is  well  known,  mechanical  appliances  of 
the  ruder  kind  (like  low  biological  forms)  frequently  persist 
through  great  lengths  of  time,  yet  it  is  quite  possible  that  these 
slag  heaps  may  not  take  us  so  far  back  as  do  the  written 
records  to  be  hereafter  noticed. 

The  earliest  working  of  which  any  account  seems  to  have 
been  preserved  was  at  Egremont,  or  perhaps  it  would  be  more 
correct  to  say  in  Egremont  parish,  for,  as  will  hereafter  appear, 
it  is  probable  that  Bigrigg  was  the  place  referred  to.  From 
the  Chartulary  of  the  Abbey  of  Holme  Cultram,  it  appears 
that  William,  the  third  Earl  of  Albemarle,  who  died  in  n  79, 
gave  to  that  abbey  a  forge  at  Wynefell  (Whinfell)  and  an  iron 
mine  at  Egremont.1  As  mentioned  above,  this  was  probably 
at  Bigrigg,  in  the  parish  of  Egremont,  and  only  about  a  mile 
from  the  town  of  that  name.  Iron  ore  is  now  being  worked  at 
Egremont,  but  it  is  under  a  considerable  thickness  of  glacial 
drift,  so  that  it  is  most  unlikely  any  of  it  would  be  known  in 
the  twelfth  century ;  at  Bigrigg,  however,  the  drift  covering  is, 
in  places,  very  thin.  Moreover,  it  is  certain  that  iron  ore  was 
worked  in  that  locality  at  an  early  date,  as  will  presently  appear. 

From  information  supplied  by  Mr.  Clutton  to  the  late 
Mr.  H.  Fletcher,8  it  appears  that  iron  ore  was  worked, 
more  or  less  interruptedly,  at  Bigrigg,  from  1635  to  170 1.  In 
the  stewards'  and  receivers'  accounts,  etc.,  of  money  accompted 
for  Egremont  iron  ore,  the  first  entry  is  for  "  Ore  gotten  at 
Nicholson  Pitts  from  March  30th,  1635,  to  Michas.  1638." 

1  Dugdale's  "  Monasticon." 

*  "  Archaeology  of  the  West  Cumberland  Iron  Trade,"  by  H.  Fletcher. 
Transactions  of  Cumberland  and  Westmoreland  Antiquarian  and  Archao- 
logical  Society. 
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There  is  not  any  amount  attached  to  this  item.  In  1643 
the  sum  of  17J.  jd.  was  received  as  royalty,  and  from  1644-48  a 
few  pounds  each  year.  Until  1667  there  do  not  appear  to 
have  been  any  further  raisings,  but  in  that  and  the  ten  years 
following  the  annual  receipts  were  from  ^50  to  ;£ioo,  and 
from  1 679-1 701  inclusive  they  ranged  from  ^200  to^35o, 
with  the  exception  of  1688,  1693,  and  1699.  In  the  two  first 
of  these  years  there  were  not  any  receipts,  and  in  the  last  year 
they  amounted  to  ^452  15X.  The  royalty  was  $d.  per  ton; 
so  that  in  the  year  1699  the  output  must  have  been  21,732 
tons.  One  of  the  partners  in  this  undertaking  was  Mrs.  Ann 
Hebar,  whose  name  is  first  mentioned  in  the  accounts  in  1682. 
Another  partner  was  Thomas  Addison,  Esq.,  his  name  first 
appearing  in  the  accounts  in  1693.  These  pits  are  probably 
those  referred  to  by  Mr.  Thoresby  in  his  diary  September  7th, 
1694,  wherein  he  says  that  near  Egremont  he  passed  "by  the 
iron  mines  where  we  saw  them  working,  and  got  some  ore." 
They  were  evidently  the  same  pits  referred  to  by  Robinson  x  in 
1 709.  He  says :  "  In  a  place  called  Langhorn,  within  that  manor 
(Egremont),  is  a  belly  or  a  pipe  of  iron  ore  eight  yards  deep,  in 
breadth  eighty  yards  and  in  length  one  hundred  yards,  out  of 
which  several  thousand  tons  were  yearly  got,  many  years  last 
past ;  the  ore  was  very  rich,  consisting  of  button  ore  and  a  pin- 
guid shining  ore.  It  answered  to  his  Grace  the  Duke  of  Somerset 
a  yearly  rent  of  several  hundred  pounds.  The  present  lessees 
are  Judicious  Thomas  Addison,  Esq.,  and  Madam  Ann  Hebar. 
Being  at  Egremont  I  had  the  curiosity  to  go  to  see  that  rich 
vein  and  the  stock  of  ore  upon  the  bank  which  was  like  a  little 
mountain.  In  that  great  variety  of  ore  I  did  not  only  meet 
with  spar  as  transparent  as  the  clearest  crystal,  but  stones 
embossed  with  bastard  diamonds  near  as  sparkling  as  the  real  1 " 
A  few  years  ago,  when  some  of  the  old  ore  workings  near 
Langhorn  were  re-opened,  several  old  oak  spades  were  met 
with,  the  blade  and  shaft  of  each  of  which  were  made  out  of 
one  straight  piece  of  wood  ;  that  is  to  say,  not  only  were  they 

1  "  Essay  towards  a  Natural  History  of  Westmoreland  and  Cumber- 
land/' by  Thomas  Robinson,  1 709. 


EARLY  WORKING  IN  CUMBERLAND.       9 

each  formed  out  of  one  piece,  but  there  was  wanting  in  them 
the  "  lift "  of  modern  spades,  being,  in  that  respect,  more  like 
the  draining  tools  that  are  used  now.  These  old  spades  may 
have  come  from  the  workings  which  were  visited  by  Robinson, 
but  they  more  probably  belong  to  an  earlier  date,  although 
not  so  old  as  the  time  when  the  monks  of  the  Abbey  of  Holm 
Cultram  worked  ore  in  the  Bigrigg  locality;  for,  along  with 
the  old  wooden  spades,  a  number  of  tobacco-pipes  were  found, 
and  smoking  was  not  introduced  into  Europe  until  1585.  In 
Carew's  "Survey  of  Cornwall,"  published  in  1602,  the  spades 
then  in  use  are  thus  described :  "  The  utter  part  is  of  iron, 
the  middle  of  timber,  into  which  the  shaft  is  slopewise 
fastened."  This  spade  is  clearly  an  improvement  upon  those 
found  at  Bigrigg  for  two  reasons  :  first,  in  having  the  handle 
set  at  an  angle  instead  of  being  in  the  same  plane  as  the  blade ; 
and  secondly,  because  of  its  iron  edge  or  shield.  At  Yeathouse, 
near  Frizington,  in  some  old  workings  opened  out  about  fifty 
years  ago  by  Messrs.  Tulk  and  Ley,  several  old  oak  spades 
were  found,  which  were  in  many  respects  identical  with  those 
from  Bigrigg,  but  there  was  one  important  difference  in  them : 
they  had  each  a  rim  of  iron  on  the  front  edge,  which  the 
Bigrigg  spades  had  not.  Originally,  these  latter  spades  may 
have  been  so  protected,  but  as  they  were  in  a  partially  de- 
cayed condition  when  found,  the  iron  edge  may  have  become 
detached ;  or  it  may  be  that  the  Yeathouse  spade  is  an  im- 
provement upon  that  found  at  Bigrigg. 

About  1690  iron  ore  was  probably  being  wrought  at  Millom, 
as  will  appear  from  the  following  extract  from  Nicholson 
and  Burns.  "Milium  lordship  hath  several  parishes  within 
it.  That  which  lies  highest  and  most  southwardly  is  Milium 
parish,  within  which  stands  the  Castle  of  Milium,  the  capital 
messuage  and  ancient  seat  of  the  lords  thereof,  which  is  placed 
at  the  foot  of  the  river  Duddon  at  the  east  end  of  a  large  park 
well  stored  with  deer  and  formerly  with  great  quantities  of 
wood,  which  Ferdinand  Huddleston  (having  no  issue  but  a 
daughter),  about  the  year  1690,  disposed  of,  in  a  great  measure, 
in  building  of  a  large  ship  and  in  making  charcoal  for  his  iron 
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forge  in  that  park,  where  he  consumed  (as  is  said)  much  ex- 
cellent timber  to  the  then  value  of  ^4,000  and  upwards,  and 
was  little  or  nothing  profited  thereby." 1 

In  1694  iron  ore  appears  to  have  been  sent  by  sea  from 
Whitehaven  to  the  Forest  of  Dean.2 

In  1745  the  Duddon  furnace  must  have  been  in  existence,  as 
it  is  marked  on  Speed's  map,  which  was  published  at  that  date. 

In  1747  Joshua  Gee,  of  Shropshire,  took  a  lease  of  iron 
ore  in  the  Frizington  demesnes,  and  soon  after  commenced  to 
work  the  ore.  In  September  or  October  Gee  admitted  Daniel 
Stephenson  as  managing  partner.  In  little  over  three  years 
from  this  date  Stephenson  became  bankrupt,  and  there  after- 
wards arose' a  dispute  between  Gee  and  Stephenson's  assignees, 
as  appears  from  two  pamphlets  which  were  issued  at  the  time 
relating  to  the  dispute.  The  ore  worked  was  at  Yeathouse, 
and  the  quantity  raised  seems  to  have  been  between  2,000 
and  3,000  tons.  Some  of  it  was  carted  to  Parton  for  ship- 
ment, the  remainder  to  Whitehaven,  by  way  of  Hensingham. 
The  royalty  paid,  according  to  the  conflicting  accounts  in  the 
pamphlets,  appears  to  have  been  is.  6d.  per  ton. 

In  1750  the  Maryport  furnace  was  built,  and  in  1752  that 
at  Seaton  was  erected.  Fifteen  years  after  this  date  M.  Jars 3 
visited  Seaton,  and  found  one  furnace  at  work,  and  another 
building.  The  ore  used  was  of  a  kidney  nature,  and  was 
obtained  partly  from  mines  three  or  four  miles  away,  and  partly 
from  Lancashire. 

In  1753-5  iron  ore  was  worked  in  the  parish  of  Egremont, 
probably  at  Bigrigg,  by  Peter  How,  William  Hicks,  Gabriel 
Griffith,  Dr.  Brownrigg,  and  Joseph  Bowes.  The  royalty  paid 
by  them  was  is.  6d.  per  ton ;  and  during  the  above-mentioned 
time  they  seem  to  have  raised  3,551  tons. 

In  1777  iron  mines  were  in  existence  at  Millom.4 

1  "History  and  Antiquities  of  the  counties  of  Westmoreland  and 
Cumberland,"  by  Nicholson  and  Burns,  1777. 

2  "  Iron-making  in  the  Olden  Time,"by  the  Rev.  H.  G.  Nicholls,  1866. 

3  ''Voyages  Metallurgiques,"  by  M.  Jars,  1769.  | 

4  Nicholson  and  Burns. 
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In  1782  iron  mining  had  become  so  important  in  West 
Cumberland,  that,  in  advertising  the  sale  of  an  estate  of  land 
at  OUby  (Aldby),  near  Cleator  Moor,  it  was  mentioned  that 
"  there  was  a  great  prospect  of  iron  ore." * 

In  1783  an  iron-ore  royalty  of  900  acres  at  Frizington  was 
offered  for  sale ;  *  and  in  the  same  year  the  Maryport  furnace 
was  sold,  when  it  was  stated  that  the  ore  at  the  works  was 
from  Whitriggs,  Crossgates,  and  Inman  Gill  (all  in  Furness),  and 
also  from  Whitehaven.3 

In  1794,  according  to  Hutchinson,4  there  was  at  Crowgarth, 
near  Cleator  Moor,  "the  most  singular  mine  of  iron  ore 
supposed  to  be  in  Great  Britain.  It  lies,"  he  says,  "  in  the 
earth  at  the  depth  of  twelve  fathoms,  and  the  thickness  of  the 
band  of  ore,  which  is  hard,  solid  metal,  is  between  twenty-four 
and  twenty-five  feet.  It  was  never  known  to  be  much  wrought 
till  the  years  1784  and  1785,  when  it  was  more  generally  opened; 
and  so  great  was  the  demand  for  it  at  Carron  foundry  in 
Scotland,  and  others,  that  in  1790  and  1791  the  annual  expor- 
tation was  20,000  tons  and  upwards."  From  this  work  it  also 
appears  that  iron  ore  "  (probably  haematite) "  was  being  wrought 
in  the  parish  of  Arlecdon  "  (most  likely  at  Yeathouse),"  and  that 
the  ironstone  from  the  coal  measures  at  Harrington  was  being 
exported  at  the  rate  of  about  2,000  tons  annually,  the  price 
being  about  1  is.  per  ton. 

In  1796  the  furnaces  at  work  in  this  county  and  the  cast- 
iron  produced  by  them  were  as  follows : — 

Tons. 
Bearpot      ...        ...        ...         ...         ...         ...        240 

Duddon      ...        ...        ...        ...        ...        ...        3^5 

565 


1  Cumberland  Pacquet,  August  27th,  1 782. 

3  Cumberland  Pacquet,  January  2 1st,  1783. 

1  "  The  Old  Maryport  Furnace, "  by  John  Addison.  Transactions  of 
Cumberland  Association  for  the  Advancement  of  Literature  and  Science, 
Part  iv.,  1878-9. 

4  "  History  of  the  County  of  Cumberland  and  some  Places  adjacent/ 
by  William  Hutchinson,  F.S.A.,  1794. 
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All  this  iron  would  doubtless  be  produced  from  local  ore, 
besides  which,  some  of  the  raw  material  would  probably  be 
exported. 

A  glimpse  of  the  iron-ore  trade  in  1816  is  obtained  from  the 
"Magna  Britannica." *  The  authors  say  :  "There  is  an  iron 
mine  also  at  Bigrigg,  in  the  parish  of  Egremont,  not  worked  for 
many  years,  from  which  considerable  quantities  were  exported  to 
Hull,  etc.  The  ironworks  at  Seaton  and  elsewhere  in  Cumber- 
land are  supplied  with  pig  iron  from  Wales.  Some  years  ago 
considerable  quantities  of  a  ferruginous  sort  of  limestone  were 
exported  from  the  parish  of  Arlochden  (Arlecdon)  to  the  iron- 
works at  Carron  ;  but  the  concern  has  been  discontinued."  It 
would  appear,  therefore,  that  iron-ore  mining  in  Cumberland 
had  been  almost,  if  not  quite,  discontinued  in  18  t  6. 

In  1825  Anthony  Hill  of  the  Plymouth  Ironworks,  South 
Wales,  leased  the  iron  ore  in  the  Bigrigg  and  Crowgarth 
Royalties  from  the  Earl  of  Egremont,  and  commenced  mining 
operations  soon  after. 

In  1 829,*  according  to  Parson  and  White,  there  were  in  the 
parish  of  Egremont  "  three  extensive  ironstone  mines  belonging 
to  A.  Hill,  Esq.,  Mr.  Barker,  and  Fitzsimmons  &  Co.  The  iron 
ore  is  raised  from  eight  pits  twelve  or  thirteen  fathoms  deep, 
and  it  is  found  in  solid  bands,  ten  yards  broad  and  fifteen  feet 
thick,  but  at  one  of  the  pits  the  seam  is  thirty  feet  thick.  The 
average  quantity  of  ore  raised  is  about  one  hundred  tons  per 
day,  and  it  is  all  shipped  at  Whitehaven  for  the  iron  foundries 
of  South  Wales."  From  recent  inquiries  as  to  the  exact 
position  of  these  mines,  it  appears  that  Hill's  mines  were  at 
Bigrigg,  not  far  from  the  present  Post  Office.  Fitzsimmons 
&  Co.  worked  at  Langhorn,  and  Barker  in  the  land  which  is 
now  known  as  Dalzell's  Gutterby.  The  deposits  worked  by 
these  mines  were  all  in  the  first  limestone,  which,  at  the 
points  named,  rises  out  to  the  glacial  drift.     From  Parson  and 

1  "Magna  Britannica,"  by  Rev.  D.  Lysons,  and  Samuel  Lysons,  Esq., 
1816. 

'  "  History,  Directory,  and  Gazetteer  of  the  Counties  of  Cumber- 
land  and  Westmoreland/'  by  William  Parson  and  William  White,  1829. 
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White  it  also  appears  that,  when  they  wrote,  iron  ore  was  being 
quarried  on  the  Yeathouse  estate.  They  also  say  that  "  Friz- 
ington  Park  belongs  to  Sir  F.  F.  Vane,  and  has  yielded  great 
quantities  of  iron  ore,  but  the  mines  have  been  discontinued." 
In  1834  Messrs.  Lindow  commenced  work  at  Gutterby, 
and  in  1837-38  Mr.  James  Attwood  was  raising  ore  at  Frizington 
Parks,  according  to  Mr.  Tulk,  from  that  part  of  the  estate 
which  lies  in  Winder  Valley.  Tulk  and  Ley  were  the  next  to 
work  iron  ore  in  West  Cumberland,  which  they  did  under 
lease  of  the  Yeathouse  estate,  dated  August  1st,  1838.  Mr. 
Tulk  in  a  letter  l  (from  which  several  items  of  information  in 
this  paragraph  wereiobtained)  says :  "  Previous  to  my  coming  to 
Cumberland  (1837),  a  person  of  the  name  of  Satterthwaite  had 
worked  the  Yeathouse  Mines  for  a  short  time,  and,  I  believe, 
had  obtained  500  or  600  tons." 

*  *  *  •  # 

"  This  mine  must  have  been  worked  long  antecedent  to  our  " 
(Tulk  and  Ley's)  "  time,  for  in  the  course  of  our  working  them 
we  found  many  remains  of  what  had  been  shafts,  and  numerous 
workmen's  tools,  and  some  wooden  hand-pumps.  The  shovels 
we  discovered  were  of  oak  wood,  and  merely  tipped  with  an 
edge  of  iron."  Mr.  Thomas  Ainsworth  was  the  next  raiser  of 
iron  ore,  but  previous  to  his  commencing,  Mr.  Attwood  found 
and  worked  ore  at  Birks,  and  in  small  quantities  at  Aldby. 

In  1846  Messrs.  Attwood  commenced  to  work  at  Woodend. 
Three  years  later  the  following  companies  were  raising  ore  in 
West  Cumberland  :-r 


Ainsworth  &  Co.,  Cleator 
Hill  &  Co.,  Bigrigg 
John  Lindow,  Gutterby 
Tulk  &  Ley,  Yeathouse 
Attwood  &  Co.,  Woodend 


No.  of 
Pita. 

Output  for 
the  year. 
Tons. 

2 

30,000 

4 

20,000 

3 

20,000 

2 

I5,000 

2 

I5,000 

100,000 

Letter  from  John  A.  Tulk,  to  Geo.  Dixon,  September  14th,  1863. 


Table  showing  the  Production  of  Hematite  in  Recent 
Years,  the  date  of  Opening  Public  Railways,  and 
the  Erection  of  Blast  Furnaces. 


Year. 


841 

849 

855 
856 

857 

858 

859 

860 
861 
862 

863 

864 

865 

866 

867 

868 
869 

870 

871 

872 

873 
874 

876 

877 
878 

879 
880 

881 

882 

883 

884 

885 

886 
887 
888 
889 
890 


Ironworks  Erected. 


Whitehaven 


Harrington 
Workington 


West  Cumberland 


(Maryport,      Mil-\ 
lorn,  and  Sol  way  J 


{ 


Mossbay    and 

Lonsdale 

Parton 

Derwent 

•  •  •  •  •  ■ 

Lowther 


Distington 


} 


Railways  Opened. 


{Whitehaven,  Cleator,  and^J 
Egremont  Ry.  to  Egre-V 
mont  and  Frizington    ...J 


W 

] 

W 


C  &  E 
Extension 


C.  &  E 

Extension 


Ry.,  Rowrah\ 

•  •  •  • 

Ry.,  Marronl 


Total  Output 

of 

Haematite. 


Tons. 

100,000 
200,788 
259,167 

323.8I2 

331.544 
400,506 

466,851 

472,095 

533.^20 
690,083 

784.174 
678,831 

706,505 

709.037 
725,248 
848,974 

1,014,143 

976,874 

954,505 

1,021,690 
901,667 
935i36o 
1,082,812 
1,081,256 
1,082,924 

933.369 
1,148,246 

1,615,635 
1,725,478 

1,478,062 

1,358,090 

1,228,323 

1,261,655 

i,479»5i6 

1,573,043 
1,593,890 

i,43i,i59 
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In  1857  the  first  part  of  the  Whitehaven,  Cleator,  and  Egre- 
mont  railway,  from  Whitehaven  to  Egremont  and  Frizington, 
was  opened,  and  from  that  time  the  iron-ore  trade  of  West 
Cumberland  has  gradually  and  rapidly  increased. 

Furness.  The  iron  ore  of  Furness  seems  to  have  been 
known  to  the  ancient  Britons ;  for,  a  few  years  ago,  whilst  a 
drift  was  being  made  from  the  foot  of  a  shaft  at  Stainton,  one 
of  the  "  old  men's "  workings  was  discovered,  and  within  it, 
in  front  of  a  breast  of  ore,  two  polished  stone  celts  of  the  usual 
type  were  found.1 

Whether  the  Romans  worked  iron  ore  here  is  not  known, 
although  it  is  very  probable  that  they  did  both  here  and  in 
Cumberland. 

The  first  certain  reference  to  early  iron-mining  in  Furness 
is  in  the  Chartulary  of  Furness  Abbey.2  The  monks  of  that 
place  must  have  wrought  iron  ore  at  Orgrave  (midway  between 
Dalton  and  Ireleth)  in  the  early  part  of  the  thirteenth  century, 
for  it  appears  that  in  1235  there  was  a  dispute  between  Hamo 
de  Orgrave  and  the  Abbot  respecting  this  ore.  Roger  de 
Orgrave  was  said  to  have  conferred  certain  mineral  rights  upon 
the  Abbot,  which  Hamo,  son  of  the  said  Roger,  disputed. 

In  1282,  or  some  subsequent  year  of  the  thirteenth  century, 
the  convent  became  possessed  of  the  iron  ore  under  Alinschales 
(Elliscales),  and  in  the  year  1400  they  obtained  a  grant  of  the 
iron  ore  in  400  acres  of  land  in  Dalton,  Orgrave,  and  Merton 
(Martin).  It  thus  appears  that  some  part  of  the  valuable 
deposits  which  are  now  being  worked  in  the  localities  just 
mentioned  were  known  at  least  600  years  ago. 

In  the  reign  of  Edward  II.  (1 307-1327),  William  de 
Lancaster,  Lord  of  Kendal,  made  a  grant  of  the  iron  ore  at 
Plumpton  to  the  priory  of  Conishead.  The  grant  also  included 
land  whereon  to  build  a  forge,  and  the  dead  wood  in  Blawith 
for  making  charcoal.3 

1  "  Furness,  Past  and  Present,"  by  G.  M.  Tweddel,  1876. 

2  "  History  and  Antiquities  of  the  Abbey  of  Furness,"  by  Thomas 
Alcock  Beck,  1844. 

*  Dugdale's  "  Monasticon,"  vol.  ij.,  p.  425. 


1 6  THE  IRON  ORES  OF  GREAT  BRITAIN. 

From  Holinshed's  Chronicles  it  appears  that  in  1317,  in 
the  reign  of  Edward  II.,  the  Scots,  during  one  of  their 
southerly  excursions,  "met  with  no  iron  worth  their  notice 
until  they  came  to  Furness,  in  Lancashire,  where  they  seized 
all  the  manufactured  iron  they  could  find,  and  carried  it  off 
with  the  greatest  joy,  though  so  heavy  of  carriage,  and  preferred 
it  to  all  other  plunder." 

Indirect  evidence  of  the  working  of  iron  ore  is  obtained 
from  the  certificate  of  the  revenues  of  Furness  Abbey,  by  the 
commissioners  of  Henry  VIII.  in  1537.  They  say :  "There  ys 
moche  wood  growing  in  Furneys  Fells  in  the  mounteynes 
there,  as  byrk,  holey,  asshe,  ellers,  lyng,  lytell  shorte  okes  and 
other  underwood,  but  no  timber  of  any  value  wherein  the 
abbots  of  the  same  late  monastry  have  been  accustomed  to 
have  a  smythey  and  sometyme  two  or  thre,  kept  for  making 
of  yron  to  thuse  of  their  monastry,  and  so  now  the  said  com- 
myssyoners  have  letten  unto  William  Sandes  and  John  Sawrey 
as  moche  of  the  said  woodes,  that  is  to  saye,  of  byrkes, 
ellers,  hasells,  old  rotten  trees  and  other  underwoodes  as 
will  maynteyne  iij  smytheys  for  the  whiche  they  ar  content 
and  agreed  to  paye  yerely  to  the  Kinge's  highness,  as  longe 
as  hit  shall  please  his  grace  they  shall  occupye  the  same, 
xx.  li."  These  smithies  were  something  more  than  the 
smithies  of  to-day,  for  they  actually  made  the  iron  which 
they  used;  and  doubtless  made  it  from  the  ore  obtained  in 
Low  Furness. 

Twenty-eight  years  after  the  above  date — that  is,  in  1565 — 
the  smithies  or  bloomeries  in  the  lordships  of  Hawkshead 
and  Coulton  were  suppressed,  because  it  was  feared  by  the 
customary  tenants  of  the  said  lordships,  that  the  continuance 
of  these  smithies  would  cause  a  great  scarcity  of  timber,  as  it 
was  then  being  largely  used  for  making  charcoal,  the  fuel  of 
the  bloomeries.  The  ^20  a  year  agreed  to  be  paid  by  Sandes 
&  Sawrey,  as  mentioned  above,  was  arranged  to  be  afterwards 
paid  proportionally  by  the  customary  tenants  of  the  lordships 
of  Hawkshead  and  Coulton,  and  of  other  the  lordships,  lands, 
tenements,  and  hereditaments  in  the  parish  of  Hawkshead,  in 
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Furness  Fells,  for  ever.  This  was  the  origin  of  the  bloom- 
smithy  rent. 

According  to  West  *  an  iron  forge  or  bloomery  existed  at 
Coniston  before  the  time  of  the  civil  wars — that  is,  prior  to 
1650.  Probably  that  which  existed  by  the  side  of  Church 
Beck,  near  Dixon  ground,  was  the  same. 

In  Robinson's  time,  1709,  iron  ore  was  worked  in  the  hills 
about  Langdale  and  Coniston,  for  he  says,  page  61,9  that 
"  Langdale  and  Cunningston  do  abound  most  with  iron  veins, 
which  supplies  with  ore  and  keeps  constantly  going  a  furnace 
at  Langdale,3  where  great  plenty  of  good  and  malleable  iron  is 
made,  not  much  inferior  to  that  of  Dantzick." 

In- 1 7 10  the  Backbarrow  furnace  was  built  by  the  Machells 
&  Sandys,  and  in  the  same  year,  according  to  West,4  "  William 
and  John  Machell  purchased  of  Walter  Strickland,  of  Sizergh, 
Esq.,  943  timber  trees,  for  ,£1,700,  for  the  use  of"  their  iron- 
works in  Furness. 

From  a  tract5  published  soon  after  1725,  we  learn  some- 
thing of  the  importance  then  attached  to  the  deposits  of 
Lancashire.  The  writer  says :  "  Cumberland  and  Lancashire 
are  supposed  capable  of  answering  the  purposes  not  only  of 
this  nation  but  even  of  the  Universe." 

In  1750  four  forges  were  working  in  Furness,  and  they 
produced  the  following  quantities  of  bar  iron : — 

Tons. 

VxUtlSCjr      ...  ...  ...  ...  ...  ...  ...  IZO 

Backbarrow       260 

Sparkbridge       120 

Coniston  ...         ...         ...         ...         ...         ...  00 


1  "  Antiquities  of  Furness,"  by  Thomas  West,  1774* 

2  "Natural  History  of  Westmoreland  and  Cumberland." 

'  This  was  probably  the  old  furnace  of  which  there  are  still  traces 
by  the  side  of  the  River  Brathay,  between  Colwith  Force  and  Little 
Langdale  Farm. 

4  "  Antiquities  of  Furness,"  by  Thomas  West,  1774. 

*  "  The  Interest  of  Great  Britain  in  supplying  herself  with  Iron. 

*  This  forge  was  by  the  side  of  Cunsey  Beck,  and  about  three-quarters 
of  a  mile  from  Lake  Windermere. 
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In  1772,  according  to  Pennant,1  there  were  extensive  mines 
at  Whitriggs.  They  are  thus  described  by  him :  "  The  ore 
is  found  in  immense  beds  beneath  two  strata,  one  of  pinel,  or 
coarse  gravel  about  15  yards  thick ;  the  next  is  limestone  of 
20  yards ;  the  stratum  of  ore  is  rather  uncertain  in  extent,  but 
is  from  10  to  15  yards  thick  and  40  in  extent,  and  sometimes 
200  tons  have  been  taken  up  in  a  week.  .  .  .  The  ore  lies  in 
vast  heaps  about  the  mines  so  as  to  form  perfect  mountains, 
is  of  that  species  called  by  mineralogists  haematite  and  kidney 
ore,  is  red,  very  greasy,  and  defiling.  .  .  .  The  ore  is  cdrried 
on  board  the  ships  for  12s.  per  ton,  each  ton  21  hundred, 
and  the  adventurers  pay  is.  6d.  per  ton  farm  for  the  liberty  of 
raising  it.  It  is  entirely  smelted  with  wood  charcoal,  but  is 
got  in  such  quantities  that  wood  in  these  parts  is  sometimes 
wanting ;  so  that  charcoal  is  sometimes  procured  from  the  poor 
woods  of  Mull,  and  others  of  the  Hebrides.  The  port  to  these 
mines  is  Barrow." 

In  1774  West  speaks  of  Whitriggs  mines  as  the  "Peru  of 
Furness.''  He  says :  "  The  ore  is  found  there  at  a  depth  of 
20  to  30  yards ;  it  is  raised  at  31.  6d.  and  4s.  per  ton,  and 
pays  is.  6d.  per  ton  to  the  lord  of  the  soil ;  it  is  carted  and  put 
on  vessels  for  exportation  at  3^.,  and  sells  from  11;,  to  12s. 
per  ton."  He  further  says,  in  speaking  of  Stainton :  "  The 
iron  mines  here  have  been  the  richest  in  Fuiness." 

Between  1785  and  1790  Mr.  James  Spedding  worked 
mines  at  Crossgates  in  Furness.  The  royalty  paid  by  him  was 
is.  per  ton,  and  the  ore  was  sold  for  10s.  to  12s.  per  ton, 
F.O.B.  Barrow,  an  inferior  black  ore,  only  realising  gs.  per  ton. 
The  output  for  1786  and  1787  was  204  tons ;  for  1788,  3,062 
tons ;  and  for  1789,  4,176  tons.  The  ore  was  sent  to  Duddon, 
Argyle,  Seaton,  Carron,  Monmouth  forges,  and  Clyde  Ironworks. 

In  1794  Whitriggs  was  still  noted  for  its  iron  mines. 
Hutchinson  says :  2  "  The  roads  are-  deeply  stained  with  ore, 
and  are  crowded  with  carriages  bringing  it  from  the  mine." 

1  "  A  Tour  in  Scotland,"  by  Thomas  Pennant,  1790. 
*  "History  of  the  County  of  Cumberland  and  some  Places  adjacent," 
by  William  Hutchinson,  F.S.A.,  1794. 
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In  1796  the  furnaces  at  work  in  Furness  and  the  cast  iron 
produced  by  them  were  as  follows  : — 

Tons. 

Newlands  700 

Backbarrow       769 


1469 


All  this  iron  would  doubtless  be  produced  from  local  ore, 
besides  which  some  of  the  raw  material  would  probably  be 
exported. 

In  1802  iron  ore  seems  to  have  been  sent  from  Furness  to 
the  Forest  of  Dean.1 

In  1824  Baines,3  writing  of  Furness,  says:  "The  most 
valuable  mineral  productions  are  roofing  slate  and  red  haema- 
tite, a  peculiar  ore,  which  is  obtained  near  Ulverston.  This 
is  the  richest  ore  in  the  United  Kingdom,  yielding  the  best 
and  most  ductile  iron,  suited  for  the  purpose  of  the  wire- 
drawers.  The  ore  is  also  sent  to  distant  parts  of  England  to 
improve  the  quality  of  iron,  by  mixing  it  in  the  furnace  with 
the  common  ores  of  iron  to  increase  the  ductility  of  the 
metal.  Crossgates  Mines  are  now  (1824)  suspended,  and  the 
reason  assigned  is  that  the  mine  (ore)  is  exhausted.  The  iron 
mines  at  Lindal  Moor  are,  however,  in  full  operation.  ...  It 
is  difficult,  if  not  impossible,  to  ascertain  the  total  quantity  of 
iron  ore  raised  in  Furness,  but  the  average  quantity  shipped 
annually  by  the  firm  of  Harrison,  Ainslie  &  Co.,  of  Newland, 
Nibthwaite,  Backbarrow,  and  Sparkbridge,  is  10,000  tons.  In 
some  years  they  have  raised  15,000  tons,  and  twice  that 
quantity  could  be  supplied  if  the  demand  required  it." 

The  state  of  affairs  in  Furness  in  1836,  so  far  as  relates  to 
iron  mines,  may  be  partly  learned  from  the  account  furnished 
by  Baines.8    At  that  date  he  says :  "  The  digging  of  iron  ore  in 

1  "Iron-making  in  the  Olden  Time,"  by  H.  G.  Nicholls,  1866. 

1  "History,  Directory,  and  Gazetteer  of  the  County  Palatine  of 
Lancashire,"  by  Edward  Baines,  1824. 

1  "History  of  the  County  Palatine  and  Duchy  of  Lancaster,"  by 
Edward  Baines,  1836. 
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Adgarley  has  lately  been  resumed.  .  .  .  Stainton,  the  village 
of  stones,  like  Adgarley,  is  noted  for  its  iron  mines.  The 
principal  mineral  production  of  this  (Urswick)  parish  is  iron, 
and  the  ore  was  formerly  obtained  in  such  abundance,  that  the 
mines  of  Stainton  and  Adgarley  were  esteemed  the  richest  in 
the  lordship  of  Furness.  One  shaft  has  been  known  to  yield 
140  tons  in  twenty-four  hours,  but  these  beneficial  operations 
were  interrupted  about  twenty  years  ago  by  streams  of  water 
bursting  into  the  shafts.  Recently  the  works  have  been 
resumed  in  Adgarley  by  Messrs.  Huddleston  &  Co.,  lessees 
under  the  Earl  of  Derby.  .  .  .  The  richest  and  most  pro- 
ductive iron  mines  in  Furness  are  at  Ireleth,  or  Above  Town. 
The  mines  of  Whitridge,  or  Whitriggs,  described  by  West  as  the 
Peru  of  Furness,  are  still  worked,  and  yield  valuable  ore  in 
large  quantities;  though  the  mine  called  Crossgates  became 
exhausted,  and  the  works  were  suspended  in  1824.  The  Lindal 
Moor  mines  and  the  Inman  Gill  mines  continue  productive ; 
and  the  Burtonbeck  mine  has  been  recently  reopened.  It  is 
estimated  that  about  20,000  tons  of  iron  ore  are  raised  annually 
in  the  parish  of  Dalton,  and  this  is  said  to  exceed  the  produc- 
tion of  any  former  period  in  this  parish.  .  .  .  Iron  ore  has 
been  extensively  obtained  in  the  Pennington  part  of  the  iron 
mines  upon  Lindal  Moor,  but  the  works  were  discontinued  in 
1830-31,  though  the  other  portions  are  still  in  operation." 

Work  was  recommenced  in  Pennington  in  1837,  and  has 
been  carried  on  continuously  since.  The  output  in  1837  was 
1,637  tons,  in  1884  it  was  240,000  tons.  'From  the  Buccleugh 
Royalty  adjoining,  the  output  in  1830  was  6,662  tons;  in  1884 
it  was  43,000  tons. 

In  1839  the  following,  companies  were  working  ore  in 
Furness : — x 

Harrison,  Ainslie  &  Co.,  Lindal  Moor. 
Ulverston  Mining  Co.,  Lindal  Cote. 
Mr.  T.  Fisher,  Butts  Beck. 
Mr.  Fisher,  Whitriggs. 

1  G.  M,  Tweddel,  op.  cit 
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In  1846   the   first  portion  of  the  Furness  Railway  from 
Barrow  and  Piel  Pier  to  Dalton  and  Kirkby  was  opened. 
At  this  time  the  pits  working  in  Furness  were  : — 


Harrison,  Ainslie,  &  Co.,  Lindal  Moor 
Town  &  Rawlinson,  Crossgates 
Ulverston  Mining  Co.,  Lindal  Cote 
Schneider,  Davis,  &  Co.,  Mouzell  ... 
Charles  Kennedy,  Haulm    ... 
George  Huddleston,  Stainton 
George  Ashburner,  E.hscales 


Some  idea  of  the  extent  of  the  iron-ore  trade  in  Furness 
during  the  previous  hundred  years  may  be  gathered  from 
the  following  table,  which  gives  the  output  from  the  Duke  of 
Buccleuch's  royalties  alone  : — 1 

Average  Annual  Output  in  Periods  of  Ten  Years. 


Output  for  the  year 
No.  of  Pits.       Tons. 

•••     3 

55»°°o 

•••    3 

42,000 

...    4 

29,000 

-    3 

25,000 

...     1 

12,000 

...    2 

12,000 

...     1 

7,000 

182,000 

Years. 

Tons. 

Years. 

Tons. 

1750 

•  •  • 

...       2,8l8 

1810 

...       9i258 

1760 

•  •  • 

...      5»277 

1820 

...       4,310 

1770 

•  •  • 

6,810 

1830 

...      8,o8o 

1780 

•  •  • 

9,802 

1840 

...     I3i34i 

1790 

•  »  • 

...     12,491 

1850 

...    45.^4 

1800 

a  •  • 

...     11,221 

The  table  on  next  page  gives  the  production  of  haematite 
since  1846,  the  years  in  which  the  various  parts  of  the  Furness 
Railway  were  opened,  and  the  different  blast  furnaces  erected. 

Gloucestershire  (Forest  of  Dean).  Iron  ore  was  doubt- 
less wrought  here  very  extensively  by  the  Romans,  if  not  before. 
Mr.  Wyrrall  in  his  MS.  (1780)  says:  "Coins,  fibulae,  and 
other  things  known  to  be  in  use  with  the  Romans  have  been 
frequently  found  in  the  beds  of  cinders  at  certain  places.  This 
has  occurred  particularly  at  the  village  of  Whitchurch  between 
Ross  and  Monmouth,  where  large  stacks  of  cinders  have  been 
found,  some  of  them  eight  or  ten  feet  under  the  surface." 

1  Transactions  Derbyshire  Institute  of  Mining  and  Mechanical  En- 
gineers — Presidential  Address,  1876. 
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Year. 


1846 

1849 
185 1 

1852 

1854 

1855 
1856 
1857 
1858 

1859 
i860 

1861 

1862 

1863 

1864 

1865 

1866 

1867 

1868 

1869 

1870 

1871 

1872 

i873 

1874 

1875 
1876 

1877 
1878 

1879 
1880 

1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 


Ironworks  Erected. 


Hindpool,  Nos.  I,  2 
tt  if    3»  4 

tt  tt     5i  6 

u  tt    7 

tt 


99  W 

tt    8,  9 


tt  tt 

Carn  forth 


II 


Askam,  No.  1 


fi 


tt 


Hindpool,  No.  12 
Askam,  No.  3 

tt        tt    4 
Hindpool,  Nos.  13, 14 


N.Lonsdale,  Nos.  1,2 


tt 


tt 


Railways  Opened. 


Total  Output 

of 

Haematite. 


{Furness,  Barrow  to  Dal- 
ton  and  Ireleth 


} 


F.R.  Dalton  to  Lindal 
F.R.   Lindal   to    Halfway \ 
Bridge  / 

F.R.   Halfway   Bridge  to 
Ulverston 


> 


F.R.  Ulverston  and  Lancaster 


... 


Tons. 


182,000 


354,685 

336,829 
464,853 

592,390 
438,456 
445»046 
520,829 
519,180 

559,391 
658,642 

691,421 

607,439 

685,726 

667,356 
767,625 

784,507 
871,938 
931,048 
909,077 
975,826 

9H.357 
834,484 

908,664 

993.012 

984,781 
976,822 
1,266,503 
1,189,836 
1,408,693 
1,372,815 
1,237,285 
1,209,971 
1,216,193 
1,192,467 
1,106,013 
1,021,990 
968,467 
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Subsequently  to  the  Roman  occupation,  the  ore  of  the 
Forest  was  probably  converted  into  iron  by  the  Danes  and 
others, — prior  to  the  Noman  Conquest, — whence  the  name 
"  Danes'  Cinders  "  given  to  the  large  heaps  of  iron  slag  which 
at  one  time  were  to  be  found  all  over  the  forest 

Coming  to  more  recent  times, — i.e.,  somewhat  prior  to  1 154, 
— we  find  that  the  first  charter  granted  to  the  Abbey  of  Flaxley 
by  Henry  II.,  whilst  Duke  of  Normandy,  specifies  an  ironwork 
at  Edlaud,  now  Elton,  near  Westbury,  on  the  eastern  side  of 
the  forest,1  so  that  presumably  iron  ore  was  being  mined  in 
the  forest  then.  His  second  charter,  when  king,  is  more 
explicit,  and  describes  "  an  iron-forge,  free  and  quit,  with  as 
free  liberty  to  work  as  any  of  his  forges  in  demesne." 

In  1 188  Geraldus  Cambrensis,  describing  his  tour  through 
Wales,  speaks  of  "the  noble  Forest  of  Dean,  by  which 
Gloucester  was  amply  supplied  with  iron." 

In  12 16,  at  the  commencement  of  his  reign,  Henry  III. 
commanded  John  de  Monmouth  to  cause  Richard  de  Eston 
to  have  his  forge  working  in  the  Forest  of  Dean,  at  Staunton, 
according  to  the  charter  of  Henry  II. 2  above  mentioned. 
About  this  time  the  ironworks  appear  to  have  grown  un- 
desirably numerous,  so  as  to  cause  great  waste  of  timber  in 
the  Forest ;  for  in  the  same  year  "  the  Constable  of  St.  Briavell 
is  ordered  to  remove,  without  delay,  all  forges  from  the  Forest 
of  Dean,  except  the  King's  demesne  forges,  which  belong  to 
the  Castle  of  St.  Briavell,  and  ought  to  be  sustained  with 
trunks  of  old  trees  wherever  they  are  found  in  the  demesnes  in 
the  Forest ;  excepting  two  forges  belonging  to  Ralph  Avenell, 
concerning  which  he  has  the  charter  of  King  John  and  except- 
ing four  *  Blissahiis '  Will,  de  Dene,  and  Robert  de  Alba  Mara, 
and  Will,  de  Albenhale,  and  Thomas  de  Blakencia,  and  except- 
ing the  forges  of  our  servants  of  St.  Briavells  which  ought  to 
be  sustained  with  dry  and  dead  wood."3 

In  1220  (4  Henry  III.)  "John  de  Monmouth  is  com- 

1  Rudder's  "  Appendix,"  pp.  25,  26. 
3  "Rotuli  Litterarum  Clausarum." 
*  Ibid. 
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manded  not  to  permit  any  forge  to  work,  either  with  green 
or  dry  wood,  in  the  Forest  of  Dean,  besides  the  demesne 
forges. " l 

In  the  same  year  John  de  Monmouth  is  commanded  to 
permit  the  Abbot  and  monks  of  Flaxley  to  have  their  forge 
working  in  the  Forest  of  Dean,  according  to  the  charter  of 
Richard  I.,  in  the  same  manner  as  they  had  it  in  the  time  of 
King  John,  notwithstanding  that  all  forges  are  prohibited  in  the 
Forest,  except  the  demesne  forges.2 

In  the  same  year  John  de  Monmouth  is  commanded  to 
permit  Walter  de  Lacy  to  have  his  forge  (Jabrica)  in  the 
Forest  of  Dean,  as  he  was  accustomed  to  have  it  in  the  time 
of  Henry  II.  and  John. 

John  de  Monmouth  also  received  the  king's  directions  as 
follows :  "  William  Fitzwarren  has  shown  the  King,  that 
whereas  Walter  de  Lacy  gave  him  a  forge,  which  the  said 
Walter  and  his  Ancestors  have  been  accustomed  to  have 
temp.  Henry  II.,  Richard  I.,  and  John,  and  which  was  pro- 
hibited in  our  general  prohibition — We  command  you  to 
allow  the  said  William  to  have  the  said  forge  {fabrica)  moveable 
in  the  Forest,  but  that  the  forge  which  the  said  Walter  erected 
without  our  order  shall  remain  quiet  (remanenta  otiosa)" 

In  1 22 1  John  de  Monmouth  is  ordered  to  allow  Philip  de 
Bantun  and  fifteen  others  to  have  their  forgias  itenerantes  ad 
mortuum  et  siccum,  as  they  were  accustomed  to  have  them 
temp.  Richard  I.  and  John.8  A  similar  privilege  was  granted 
the  same  year  to  Matilda  de  Cantilupe  and  Henry  Earl  of 
Warwick,  as  well  as  to  Walter  de  Aure  and  Richard  de  Estun  ; 4 
so  likewise  in  1223  (7  Henry  III.)  the  monks  of  Flaxley 
were  directed  to  have  forgiam  Suatn  as  in  the  time  of  King 
John. 

For  the  year  ending  November  16th,  1256,  the  issue  in 
money  to  the  Crown  "  from  the  great  and  little  mines  "  in  the 
Forest  was  ^23  is.  4//. 

1  "  Rotuli  Litterarum  Clausarum."  *  Ibid. 

2  Ibid.  «  Ibid. 
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In  1268,  by  an  Inquisition  of  the  52  Henry  III.  to  ascertain 
what  privileges  the  Abbot  and  Convent  of  Tynterne  were 
accustomed  to  have  in  the  Forest,  the  jurors  returned  that 
"the  said  Abbot  and  Convent,  by  charters  of  the  King's 
predecessors,  are  accustomed  to  have  mines  in  the  Forest  for 
their  own  forge  freely  and  have  never  given  anything  for  the 
said  mines,"1  4  Edward  I.  1276.*  Ralph  de  Sandivico,  custos 
of  the  Castle  and  Manor  of  St.  Briavell,  in  his  return  of 
moneys  received  on  behalf  of  the  Crown  from  the  iron  mines 
and  forges  during  that  year,  states  as  paid,  ^23  16s.  g£d.  from 
the  great  and  little  mines  of  iron  and  coal,  £1 1  6s.  od.  rent  of 
forges  in  the  Forest,^  151.  od.  by  sale  of  cinders  (Cineridus). 
This  last  item  seems  to  show,  that  even  then  it  was  customary 
to  use  the  old  cinders  left  from  the  still  more  ancient  workings. 

In  1282  a  "  regard  "  of  the  Forest8  taken  (10  Edward  I.) 
de  forgets  in  Foresta,  records,  that  there  were  60  forges  at  work 
in  the  district  of  the  Forest  at  this  time,  19  on  the  east  side, 
6  on  the  south,  23  on  the  west,  and  12  on  the  north. 

The  same  "  regard  "  specifies  iron  mines  in  the  Bailiwicks  of 
Abenhale,  Bikenore,  Blackeneye,  Magna  Dene,  Birs,  Staunton, 
and  Lacu,  the  mines,  like  the  forges,  being  mostly  on  the  Wye 
side  of  the  Forest. 

,  Thirty-five  years  later  than  the  former  return  there  were 
only  43  forges  at  work  in  the  Forest.4 

In  or  about  1300,  the  "Book  of  Dennis,  or  the  Miners' 
Lawes  and  Privileges,"  was  written,  so  that  it  is  certain  the 
iron-ore  industry  had  attained  to  great  importance  at  that  time. 

In  1341  (14  Edward  III),  on  the  completion  of  Newland 
church,  the  Bishop  of  Llandaff  obtained  a  grant  of  the  tenth 
part  of  the  ore  raised  in  the  neighbourhood ;  which,  together 
with  the  forest  forges,  yielded  a  rental  of  ^34  that  year.5 

Other  places,  such  as  Caerleon,  Newport,  Barkley,  Mon- 

1  "  Exchequer  Records,"  No.  29.    Chapter  House. 

«  Inquisition  15  Edward  III.,  «  Exchequer"  Records,  No.  75- 

»  "  Exchequer  Records,"  Ch.  v.,  f.  18,  No.  18,  Col.  I. 

4  "  Chapter  House  Records." 

*   "  Exchequer  Records.1' 
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mouth,  and  Trellech,  obtained  their  ore  from  this  neighbour- 
hood.1 

In  1376 8  the  Governor  of  Berwick-upon-Tweed  was 
obliged  to  send  for  miners  from  the  Forest  of  Dean,  and  the 
more  southern  parts,  to  assist  him  in  retaking  the  town  from 
the  Scots. 

In  1485  Henry  VII  (February  1st)  granted  the  mines 
beneath  the  wood,  Vocat  le  Gawle,  to  John  Morten  for 
life. 

In  1538  Leland,  in  his  Itinerary,  speaking  of  the  Forest, 
says  :  "  The  ground  is  fruitful  of  iron  mines,  and  divers  forges 
be  there  to  make  iron." 

In  1566  (June  30th)  William  Humphrey,  upon  information 
derived  from  some  German  miners,  addressed  a  letter  to  Sir 
William  Cecill,  about  the  plenty  of  good  iron  contained  in  the 
Forest  of  Dean.8 

In  161 1  (May  16th,)4  a  grant  was  made  to  Henry  Lord 
Herbert,  Henry  Poole,  and  George  Huntly,  of  coppices  in  the 
Forest  of  Dean,  with  leave  to  cut  them  down  for  charcoal  for 
making  iron. 

In  161 2  James  I.  granted  to  the  Earl  of  Pembroke  a  lease 
of  the  Forest  of  Dean,  together  with  the  iron  ore,  cinders,  coal, 
and  wood,  for  twenty-one  years,  at  the  rent  of  ,£2,433  6s.  Sd. 

In  1615  (May  31st)6  the  office  of  clerks  or  overseers  of  the 
ironworks  in  the  Forest  of  Dean  was  granted  to  Sir  Basil 
Brooke  and  Robert  Caldecott  for  fifteen  years. 

In  162 1 6  all  ironworks,  with  furniture  belonging  thereto,  in 
the  Forest  of  Dean  were  granted  to  Phil  Harris  and  others  for 
seven  years. 

In  1625  Charles  I.  granted  to  Sir  Edward  Villiers,  Knt, 
and  to  his  heirs,  a  part  of  the  waste  soil  of  the  Forest,  called 
Malyscott,  together  with  all  woods  growing  thereon  and  all 
mines,  etc. 

Fourteen  years  afterwards  the  King  granted  to  Sir  John 

1  "  Book  of  Mine  Law."  4  State  Papers. 

*  Holinshed's  "  Chronicles."  *  Ibid. 

•  State  Papers.  •  Ibid. 
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Winter,  Richard  Brayne,  Tristam  Flowers,  and  others,  18,000 
acres,  and  all  the  mines  of  iron,  etc. 

In  1629  (March  31st),1  Charles  I.  granted  the  ironworks  in 
the  Forest  of  Dean  to  the  Lord  Steward  for  twenty- one  years, 
with  10,000  cords  of  wood  to  be  yearly  taken  out  of  the  Forest. 

In  1635,  we  learn,  from  a  survey  of  the  Forest  of  Dean 
ironworks,  that  there  were  furnaces  at  Cannop,  Park,  Sowdley, 
and  Lydbrook,  and  forges  at  Parkend,  Whitecroft,  Bradley, 
and  Lydbrook. 

In  1662  2  (12th  April),  an  elaborate  return  addressed  to  the 
Barons  of  the  Exchequer,  suggested  that  a  check  should  be 
put  to  the  practice  of  exporting  from  the  Forest  both  ore  and 
cinders,  lest  the  king's  own  works  should  need  them. 

In  1677  Andrew  Yarranton  said : 3  "In  the  Forest  of  Dean 
and  thereabouts,  the  iron  is  made  at  this  day  of  cinders  (with 
ore),  being  the  rough  and  offal  thrown  by  in  the  Romans'  time ; 
.  .  .  the  greatest  part  of  this  iron  is  sent  up  Severne  to  the 
forges  into  Worcester,  Shropshire,  Staffordshire,  Warwickshire, 
and  Cheshire,  and  there  it's  made  into  bar  iron,  and  because  of 
its  kind  and  gentle  nature  to  work,  it  is  now  used  at  Sturbridge, 
Dudley,  Wolverhampton,  Sedgley,  Walsall,  and  Birmingham, 
and  there  bent,  wrought,  and  manufactured  into  all  small 
commodities." 

In  1678,  Henry  Powle,4  speaking  of  the  forest,  says :  "  Iron 
ore,  which  is  the  principal  manufacture  here,  and  by  which 
most  of  the  inhabitants  subsist,  is  found  in  great  abundance  in 
most  parts  of  the  forest." 

In  1680  (April  27th),  the  4th  order  of  the  Mine  Law 
Court  fixed  the  price  at  which  1 2  Winchester  bushels  of  ore 
should  be  sold  at  the  following  places  :  St.  Wonnarth's  furnace 
ior.,  Whitechurch  ys.,  Surton  gs.t  Bishopswood  9*.,  Longhope 
9*.,  Flaxley  8s.,  Gunnsmills  (if  rebuilt)  75.,  Blakeney  6s., 
Lydney  6s. 

1  State  Papers. 

2  British  Museum,  Harleian  MS.  6839,  fol.  332. 
»  "  Improvement  of  England  by  Sea  and  Land." 
4  Philosophical  Transactions,  vol.  xii.,  p.  931. 
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Speaking  of  this  time,  Dr.  Parsons  says :  "  The  ore  and 
cinder,  wherewith  they  make  their  iron,  are  dug  in  most  parts 
of  the  Forest,  one  in  the  bowells,  and  the  other  towards  the 
surface  of  the  Earth." 

About  1720  or  1730,  according  to  a  paper  examined  by 
Mr.  Mushet,  there  were  ten  blast  furnaces  in  the  Forest. 

In  1779  Rudder  writes  :  1  "The  Forest  is  full  of  iron  ore." 

In  1788  Mr.  Hopkinson  said  before  a  Parliamentary  Com- 
mission :  "  There  is  no  regular  iron-mine  work  now  carried  on 
in  the  Forest ;  the  mines,"  he  said,  "  have  been  worked  out 
many  years."  But  in  1795  ^e  manufacture  of  iron  was 
resumed  in  the  Forest  with  pit-coal  cokes  at  Cinderford, — this 
date  being  marked  on  a  stone  in  No.  1  furnace. 

In  1799  Parkend  furnace  (suppressed  in  1674)  was  resumed, 
and  one  or  more  furnaces  have  been  in  operation  there,  more 
or  less,  under  different  proprietors  ever  since. 

The  Rev.  T.  Rudge,  writing  in  1802,  says :  "  Lancashire 
ore  furnishes  the  principal  supply;  the  mines  found  in  the 
Forest  being  either  too  scanty  to  answer  the  expense  of  raising 
it,  or,  when  raised,  too  difficult  of  fusion." 

The  yield  of  ore  by  the  Forest  mines  in  1828  was  9,800 
tons;  in  1836  it  was  20,408  tons;  and  in  1839  72,800  tons. 

In  1837  blast  furnaces  were  erected  at  Sowdley.  Iron- 
works had  existed  there  since  1565,  and  have  continued  to 
work  since  more  or  less  interruptedly:8 

Since  1854  the  course  of  the  iron  trade  in  the  Forest  will 
perhaps  be  best  indicated  by  the  following  table  of  pro- 
duction : — 


Year. 

Tons. 

Year. 

Tons. 

1854 

«  •  • 

85»5<* 

1861 

•  •  •                 •  ■  • 

100,419 

1855       ... 

•  •  • 

92,608 

1862 

•  •  •                        a  a  a 

158,908 

1856       ... 

■  •  • 

109,268 

1863 

•  •  •                        •  ■  • 

"1,397 

1857       ... 

•  •  * 

"7,554 

1864 

•  •  •                        •  •  • 

130,482 

1858       ... 

•  •  ■ 

107,652 

1865 

•  •  ■                        •  •  a 

142,807 

1859       ... 

•  •  • 

106,292 

1866 

a  •  •                       •  ■  » 

156,079 

i860       ... 

•  •  1 

Histo 

90,466 

1867 

a  •  •                        •  •  a 

8  State  Pai 

156,069 

1  "New 

ry  of  Gloucester 

shire." 

pers. 
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Year. 

Tons. 

,     Year. 

Tons. 

1868   

160,722 

1880   ... 

83,198 

1869   

134,595 

I88l   ... 

90,617 

1870   

138,254 

1882   ... 

80,752 

1871   

170,611 

1883    •• 

70,942 

1872   

162,888 

1884   ... 

63,043 

1873   

163,660 

1885   ... 

45,125 

1874   

110,203 

1886   ... 

61,616 

1875   

92,825 

1887 

68,729 

1876 

98,133 

1888   ... 

70,201 

1877   

8o,555 

1889   ... 

52,156 

1878   

69,034 

1890 

65,611 

1879   

52,o6l 

Sussex  and  Kent.  Iron  ore  is  not  raised  in  these 
counties  now,  and  has  not  been  for  years,  but  in  the  old 
charcoal  days  they  occupied  a  foremost  place  in  British  iron 
manufacture.  The  general  introduction  of  coke  elsewhere 
and  the  consequent  scarcity  of  charcoal  in  the  seventeenth  and 
early  part  of  the  eighteenth  century,  however,  placed  them  at 
a  great  disadvantage  in  the  struggle  for  existence,  so  that  the 
number  of  furnaces  in  these  counties  became  greatly  reduced, 
and  ultimately  iron-making  ceased  in  them  altogether.  Near 
the  base  of  the  Wadhurst  clay,  in  the  Weald,  nodules  and  thin 
tabular  masses  of  clay-ironstone  occur,  which  have  been  worked 
very  extensively  in  former  times,  by  the  Romans  amongst 
others.  It  is  known  that  the  Romans  extracted  ore  at  Wares- 
field,  Framfield,  Sidlescombe,  Westfield,  and  Chiddingly  in 
Sussex,  and  probably  at  Cowden  in  Kent.  At  Old  Land  Farm 
near  Maresfield,  Roman  pottery,  coins,  etc.,  were  discovered 
amongst  iron  slags.1  It  is  possible,  however,  that  these  beds 
were  worked  even  earlier  than  the  Roman  period,  for  flint,  flakes, 
and  rough  unturned  pottery  were  found  in  1862  by  Mr.  W. 
Boyd  Dawkins  *  on  the  surface  of  a  slag  heap,  north  of  Bathurst 
wood,  near  Battle. 

A  long  time  then  intervenes,  of  which  nothing  is  known 

1  Lower,  "  Contributions  to  Literature,"  p.  98. 

*  Transactions  International  Congress  of  Prehistoric  Archaotogy,  W 
Session,  1868. 
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regarding  the  ironworks.  There  is  no  mention  of  them  even 
in  Domesday  Book,  although  furnaces  are  mentioned  else- 
where ;  but  in  1 266  a  grant  was  made  to  the  town  of  Lewes 
by  Henry  III.,  which  empowered  them  to  levy  toll  for  the 
repair  of  the  Town  Hall.  "  Every  cart  laden  with  iron  from 
the  neighbouring  weald,  for  sale,  paid  one  penny  toll,  and 
every  horse-load  of  iron  half  that  sum."1 

In  1543  Holinshed  *  writes :  "This  year  the  first  cast  pieces 
of  iron  (ordnance),  that  ever  were  made  in  England,  were  made 
at  Buxteed  in  Sussex." 

In  1574  there  were,  according  to  a  return  of  all  the  owners 
of  ironworks,  in  Kent,  Surrey,  and  Sussex,  38  forges  and  32 
furnaces  in  Sussex,  but  there  were  "  dyvers  fordgs  and  furnaces  " 3 
in  other  places.       ^ 

In  1607  John  ,Morden4  writes:  "I  have  heard  there  are, 
or  lately  were,  in  Sussex,  140  hammers  and  furnaces  for  iron." 

In  1640  (March  31st)  pardon  was  granted  to  William 
Yalden,  gentleman,  of  all  offences  by  him  committed  before 
May  17th,  1636,  in  destroying  divers  wood  for  the  smelting  of 
iron  in  the  counties  of  Surrey,  Sussex,  and  Hants. 

In  1650  there  appear  to  have  been  27  furnaces  and  42 
forges  in  Sussex,  many  of  which  were  discontinued  before  1664.5 

In  1740  there  were  four  furnaces  in  Kent  and  10  in  Sussex, 
and  in  1788  only  2  in  the  latter  county  and  none  in  Kent.6 

In  1782  Hasted,7  in  noticing  the  Lamberhurst  furnace,  says : 
"  The  iron  ore  is  found  in  great  abundance  in  most  parts  of 
these  woods,  but  different  in  colour,  weight,  and  goodness. 
That  which  is  unfit  for  common  use  on  account  of  its  being 
short  and  brittle,  when  melted,  is  mingled  in  due  quantity  with 
cinder,  being  the  refuse  of  the  ore,  after  the  metal  has  been 

1  Lower,  u  Contributions  to  Literature." 

*  "Chronicles." 

*  State  Papers. 

4  Surveyor's  Dialogue. 

5  "Sussex  Archaeological  Collection,"  vol.  xviii.,  p.  15. 

*  "Encyclopaedia  Britannica,"  8th  ed.,  article  "Iron." 
7  "  History  of  Kent,"  vol.  ii.,  p.  382. 
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extracted  from  it,  which  gives  it  that  temper  of  toughness  which 
makes  it  fit  for  use." 

In  1796  only  one  furnace  remained  in  Sussex.  That  was 
at  Asburnham.  It  continued  working  until  1828,  and  was  then 
abandoned,  being  the  last  of  the  Weald  furnaces. 

Staffordshire,  Warwickshire,  Worcestershire,  and 
Salop.  Little  is  known  of  the  iron  trade  here  during  Roman, 
Saxon,  and  Norman  times.  Andrew  Yarranton  *  says,  he 
"  found  out  a  vast  quantity  of  Roman  cinders  near  the  wall 
of  the  city  of  Worcester ;  and  within  one  hundred  yards  of 
such  walls  there  was  dug  up  one  of  the  hearths  of  Roman 
foot-blasts,  it  being  then  firm  and  in  order,  and  was  seven  foot 
deep  in  the  earth ;  and  by  the  side  of  the  work  there  was 
found  out  a  pot  of  Roman  Coin — to  the  quantity  of  a  peck — 
some  of  which  was  presented  to  Sir  Dugdale,  and  part  thereof 
is  in  the  King's  closet ;  by  all  which  circumstances,  it  clearly 
appears  that  the  Romans  made  iron  in  England ;  and  as  for 
up  the  River  Severn  as  the  city  of  Worcester,  where,  as  yet, 
there  are  vast  quantities  remaining." 

In  1538s  Leland  says  that  "at  Walleshall  there  is  also 
yren  owre  " ;  and  in  the  Clee  hills,  "  There  be  some  bloshops  to 
make  yren  upon  the  ripes  or  banks  of  Millbroke  coming  out 
of  Caderton  Clee/'  Stow,  in  his  notes  to  this  writer,  says : 
"  They  get  yren  out  of  Staffordshire  and  Warwickshire." 

The  ore  at  Walleshall  is  referred  to  by  Holinshed8  in 
1586.     He  also  speaks  of  ore  in  Shropshire. 

In  1607  Camden,  *  writing  of  south  Staffordshire,  says :  "  It 
has  much  pit  coal  and  mines  of  iron." 

In  1665,  Dud  Dudley, 6  referring  to  Staffordshire,  says  :  "  If 
the  coals  and  ironstone  so  abounding  were  made  right  use  of, 
we  need  not  want  iron  as  we  do,  for  very  many  measures  of 
ironstone  are  placed  together  under  the  great  ten  yards  thick- 
ness of  coal,  and  upon  another  thickness  of  coal,  two  yards 

1  "England's  Improvement  by  Sea  and  Land."    First  part  published 
1677,  second  1688. 

*  "The  Itinerary."  «  "Britannia." 

a  "Chronicles."  »  "MetaUum  Martis." 
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thick,  not  yet  mentioned,  called  the  bottom  coal  or  heathen 
coal." 

In  1670  Sir  John  Pettus  1  says  :  "  Iron  oar  is  plentiful  in 
Shropshire  and  Staffordshire." 

In  1686  Dr.  Plot,2  describing  the  iron  ores  of  Stafford- 
shire, speaks  of  their  occurrence  at  Dudley,  Walsall,  Rushall, 
Chestinhay,  Redstreet,  Apedale,  Wednesbury,  and  Darlaston. 
The  measures  then  wrought  at  Dudley  were  the  Black  row 
grains,  Dun  row  grains,  White  row  grains,  Ryderstone,  Cloud- 
stone,  Bottomstone,  and  Cannoc  or  Cannotstone.  At  Walsall 
and  Rushall  the  stones  worked  were  named  Blackbothum, 
Graybothum,  Chatterpye,  Grey  measure,  Mush,  and  White 
measure. 

In  1735  Abraham  Darby  succeeded  in  making  iron  at 
Coalbrookdale  ironworks  with  coke.  In  1756  he  commenced 
making  iron  in  his  works  at  Horsehay. 

In  1747  Rev.  Mr.  Mason3  speaks  of  Mr.  Ford,  of  Coal- 
brookdale, being  able  to  "make  iron  brittle  or  tough  as  he 
pleases  from  iron  ore  and  coal  both  got  in  the  same  dale." 

Gough,  writing  in  1806,  says:  "Twelve  miles  east  of 
Wellington  is  an  extensive  parish,  including  fourteen  villages ; 
the  inhabitants  are  chiefly  employed  in  getting  coal,  lime,  and 
ironstone.  There  are  two  furnaces  worked  by  a  steam-engine, 
one  of  the  largest  in  England.  In  the  ironstone  about  Ketley 
are  impressions  of  plants  and  shells." 

The   production  of   iron  in   these  counties   at  different 

periods  between  1740  and   1830  is   given  in  the  following 

table : — 

Staffordshire.  Shropshire. 

Tons.  Tons. 

1740  ...  ...  1,000 


1788 

•  •  • 

•  •  • 

2,400 

24,900 

1796 

•  ■  • 

•  •• 

17,910 

32,969 

1806 

•  •  • 

•  *  • 

50,002 

54,966 

1830 

•  •  ■ 

•  •  • 

211,604 

73,418 

1  u  Fodinse  Regales." 

8  *  Natural  History  of  Staffordshire/' 

*  Philosophical  Transactions,  No.  482,  p.  382. 
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In  1836 1  Thomas  Smith,  writing  on  the  coal  and  ironstone 
measures  of  South  Staffordshire,  says :  "  They  occupy  an 
area  nearly  twenty-two  miles  in  length,  from  Stourbridge  in 
Worcestershire,  to  the  neighbourhood  of  Rugeley,  and  about 
six  miles  in  its  greatest  breadth ;  .  .  .  but  this  extended  space 
is  divisible  into  two  distinct  portions,  of  which  the  southern  is 
circumscribed  by  a  line  drawn  from  Wolverhampton  through 
Walsall,  West  Bromwich,  Oldbury,  Halesowen,  Stourbridge, 
King  Swinford,  and  Sedgeley,  to  the  point  of  its  commence- 
ment at  Wolverhampton."  The  measures  then  wrought  were 
the  Black  Gubbin,  Poor  Robin,  White  Ironstone,  Ball  Iron- 
stone, Lower  Gubbin  Ironstone,  and  Blue  Flats. 

In  North  Staffordshire  the  measures  wrought  at  this  time 
were  the  Cannel  Mine,  the  Blockstone,  the  Sheathstone,  the 
Chalky  Mine,  the  Little  Mine,  and  Brown  Mine.  In  East 
Shropshire  they  were  working  the  Penny  Ironstone,  Black  Iron- 
stone, Brick  Measure,  Ballstone,  Yellow  Ironstone,  Blue  Flats, 
and  White  Flats.  There  is  nothing  said  about  ironstone  being 
wrought  in  Warwickshire  then. 

Production  of  Iron  Ore  Since  1859. 


Staffordshire. 

Warwickshire. 

Salop. 

Ton*. 

Tons. 

Tons. 

1859 

1,5831°°° 

•  •  • 

3°,5°° 

... 

197,589 

i860 

1,518,929 

•  *  • 

19,500 

.  ■  • 

165,500 

1861 

1,226,695 

■  •  • 

15,250 

... 

223,400 

1862 

1,346,000 

•  •  • 

14,75° 

... 

225,400 

1863 

1,531,809 

•  •  • 

12,500 

... 

247,200 

1864 

1,531,250 

•  •  • 

15,75° 

... 

454,0°° 

1865 

1,484,991 

•  •  • 

16,500 

•* . 

273,810 

1866 

1,211,243 

•  •  « 

18,750 

... 

285,907 

1867 

1,319,509 

•  •  • 

I5,5°° 

•  •• 

250,000 

1868 

1,127,459 

•  •• 

14,795 

•  •« 

278,541 

1869 

i.637>749 

•  •  • 

"5,°°° 

... 

318,483 

1870 

ii3°°,i34 

■  •  • 

17,500 

... 

337,627 

1871 

2,218,745 

•  •  • 

34,075 

... 

415,972 

1872 

•  •  •           •^■" 

•  •» 

43,375 

•  a. 

408,425 

1873 

— 

•  •■ 

43,837 

... 

430,725 

■  <  Miners'  Guide/' 
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Staffordshire. 

Warwickshire. 

Salop. 

Tons. 

Tons. 

Tons. 

1874 

•  •< 

— 

•  •• 

92,214 

•  •  • 

303,959 

1875 

•  • 

1,654,474 

•  •  • 

97,456 

•  •  ■ 

240,568 

1876 

•  • 

— 

•  ■• 

92,838 

•  *  • 

239,183 

1877 

•  •  1 

1,852,938 

•  •• 

79,965 

•  •• 

270,733 

1878 

•  •< 

It664,394 

•  •  • 

57,222 

•  •  • 

321,328 

1879 

•  •  1 

1,5*2,773 

•  •  • 

16,214 

•  •  • 

300,391 

1880 

•  •  i 

1,713,088 

■  •• 

36,972 

•  •  • 

226,721 

1881 

•  •1 

1,738,594 

•  •  • 

31,513 

■  •  • 

190,000 

1882 

•  •< 

2,022,529 

•  •• 

36,038 

•  •  ■ 

242,500 

1883 

•  •  ! 

1,797,444 

*  •  • 

3I,404 

•  •• 

235,900 

1884 

•  •  < 

1,873,745 

•  •• 

l6,8oi 

•  •  • 

198,700 

1885 

•  •  « 

1,829,571 

•  •• 

10,981 

•  •  • 

177,620 

1886 

••< 

i,59l,Q55 

•  •  • 

1,344 

•  •  • 

137,900 

1887 

•  •  « 

938,018 

•  •  • 

1,838 

•  •  • 

100,600 

1888 

•  ■  1 

1,689,768 

*  •  • 

4.230 

•  •  m 

131,100 

1889 

•  •  1 

1,262,678 

•  •• 

1,723 

•  •• 

44,630 

1890 

•  • 

1,224,510 

•  •  • 

2,155 

•  •  • 

47,059 

Derbyshire  and  Yorkshire.  The  earliest  working  here 
seems  hidden  in  obscurity,  but  judging  from  the  numerous 
old  slag-heaps  scattered  about,  the  ore  of  the  coal  measures, 
appears  to  have  been  used  somewhat  largely  in  the  old 
bloomeries.  Farey,  writing  in  18 n,1  gives  the  following  list  of 
twenty-three  places,  where  he  had  seen  slag  and  remains  of 
old  bloomeries  and  charcoal  furnaces : 

Alderwasley,  in  Wirksworth. 

Barlow,  £. 

Butterley,  in  Pentrich. 

Carr,  in  Palterton. 

Cinderhill,  in  Horsley. 

Coburn,  in  South  Winfield. 

Denby. 

Ford,  in  Eckington. 

Foremarke,  north-west  of  the  Park. 

Foxton-dam,  in  Renishaw. 

Hartshorn. 

Heanor,  north-west. 

Jow-hole,  near  Beard,  in  Glossop. 

1  "  General  View  of  the  Agriculture  and  Minerals  of  Derbyshire." 
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Kirkby,  south-west  Notts. 

Melborne  (woodhouses). 

Moscar-house,  quarter  mile  south-east  of  Athersage. 

New-Mill,  in  Aston,  Yorkshire. 

Parkhill  Farm,    „  „ 

Quarnford,  near  Winch  Chapel,  Cheshire. 

Stockby,  west  of  Palterton. 

Todhole  Furnace,  in  Shirland. 

Walley,  in  Bolsover. 

Wingerworth  Furnace. 

There  are  also  accumulations  of  old  iron  slag  in  Bilsdale, 
Bransdale,  Rosedale,  Fryupdale,  etc.,  in  Yorkshire,  evidently 
from  smelting  the  ore  of  the  Lower  Oolite. 

An  Inspeximus1  dated  at  York,  February  26th,  1328,2° 
Edward  III.,  recites  a  grant,  made  August  16th,  1209,  by 
Robert  de  Stuteville,  of  a  meadow  in  Rosedale,  to  the  nuns  of 
that  place,  near  to  his  forge. 

In  1607  Camden,8  speaks  of  the  Peake  as  rich  in  lead, 
iron,  and  coal. 

Borlase,8  in  1758,  refers  to  the  iron  ore  of  Derbyshire. 

In  1780  the  Bowling  Ironworks  were  projected,  and  those 
at  Low-Moor  in  1790. 

John  Mawe,4  in  1802,  says  the  "  Argillaceous  iron  ore  is 
in  the  most  general  use  in  the  ironworks.  It  is  sometimes 
mixed  with  a  proportion  of  Lancashire  ore." 

Below  is  a  statement  showing  the  production  of  iron  in  each 
of  these  counties,  between  1740  and  1830. 


Yorkshire  (West  Riding). 

Derbyshire. 

Tons. 

Tons. 

1740 

•  •  • 

•  •  • 

1,400 

•  •  •                   •  • 

55o 

1796 

•  •  • 

•  •  ■ 

10,398 

•  •  •                   •  • 

9,656 

1806 

•  *  • 

•  •  • 

27,646 

•  •  •                   •  •  1 

10,329 

1823 

•  •  • 

•  •  • 

27.3" 

•  ■  •                   •  •  1 

14,038 

1830 

•  •  • 

•  •  • 

28,926 

•  •  •                   •  • 

1 7,999 

1  Dugdale's  "  Monasticon,"  vol.  i.,  p.  507. 
*  "  Britannia."  »  «  Natural  History  of  Cornwall." 

4  "  Mineralogy  of  Derbyshire." 
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In  1806  there  were  in  Derbyshire  eighteen  furnaces  built 
and  twelve  in  blast,  as  shown  in  the  following  table : — 


Year. 
Built  in 

Place. 

Built 

In 
Blast. 

Production. 

Tons. 

•  ■  • 

Morley  Park 

•                   •  •  •                 Jl 

I 

700 

•  ■  • 

Chesterfield  (Guffin) 

..       3 

2 

1700 

•  ■  ■ 

„          (Stone  Gi 

ravel)          2 

I 

700 

1780 

Wingerworth 

2 

I 

819 

1786 

Staveley 

1  ■  ■                  •  ■ » 

1 

I 

596 

1788 

Dale  Abbey    , 

»  •  •                  •  • 

I 

— 

— 

1792 

Butterley 

1  •  •                  •  • 

2 

2 

1766 

1792 

Renishaw 

•  •  •                  •  « 

2 

I 

975 

•  •  ■ 

Alfreton 

1  •  ■                  ■  •  1 

I 

I 

H5o 

•  •  • 

Hasland 

•  •                          •  •  i 

I 

I 

723 

1799 

Duckmanton 

>  a  •                          •  • 

2 

I 
12 

900 

•  •  • 

Total 

Io 

10,329 

At  this  time  there  were  fourteen  furnaces  in  Yorkshire. 

In  1 81 1  the  Cleveland  Main  Band  appears  to  have  been 
discovered,  but  was  very  little  worked  until  1850.  Since  that 
time  the  output  has  gone  on  increasing,  as  shown  by  the 
table  below,  until  it  is  now  one  of  the  most  important  sources 
of  iron  in  the  British  Isles. 

Middlesbrough  and  Guisborough  Railway,  opened  25th 
February,  1854;  Rosedale  Branch,  April  1861. 

Production  of  Iron  Ore  since  1855. 


.    Yorkshire. 

Derbyshire. 

Cleveland. 

West  Riding. 

Tons. 

Tons. 

Tons. 

1855 

•  •  • 

865,300 

255,000 

•  »  • 

409,500 

1856 

■  •  • 

1,148,488 

242,100 

•  •• 

392,400 

1857 

•  •  • 

MI4.I55 

207,500 

•  •  • 

350,000 

1858 

•  •  • 

1,367,395 

189,750 

•  •  • 

328,950 

1859 

•  •  • 

1,520,342 

175,000 

•  •  • 

325,500 

i860 

•  •  • 

1,471,319 

255,700 

•  •• 

387,500 

1861 

•  •  • 

1,242,514 

235»500 

•  •  • 

396,520 

1862 

•  •  • 

1,689,966 

350,500 

•  •  • 

345,450 

1863 

•  •• 

2,078,806 

475,000 

•  •  • 

350,500 

1864 

•  ■• 

2,401,890 

555,000 

•  •« 

325,600 

1865 

•  •• 

2,762,359 

575,000 

•  ■• 

350,000 
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Yorkshire.          J 

)erbyshib 

Cleveland. 

West  Riding. 

Tons. 

Tons. 

Tons. 

1866 

2,809,061 

357,000 

329,500 

1867 

...   2,739,039 

579,000 

350,000 

1868 

...   2,785,307 

785,028 

368,440 

1869 

...  3»°94f678 

230,905 

352,072 

1870 

...  4,072,888 

307,717 

384,865 

1871 

...   4,581,901 

407,997 

492,973 

1872 

•••   4,974,950 

466,305 

307,183 

1873 

...   5,617,014 

407,388 

365,"7 

1874 

...   5,614,322 

370,960 

239,292 

1875 

6,121,794 

353,582 

218,132 

1876 

...  6,562,000 

381,463 

199.908 

1877 

...  6,284,545 

402,746 

206,247 

1878 

...   5,605,639 

370,405 

175,260 

1879 

...  4,750,000 

321,789 

146,341 

1880 

...  6,486,654 

286,698 

150,248 

1881 

-   6,538,471 

320,981 

59.207 

1882 

...  6,326,314 

I75,68l 

15,011 

1883 

...  6,756,055 

170,832 

16,838 

1884 

...  6,052,608 

167,812 

19,296 

1885 

...   5, 932,244 

126,596 

18,406 

1886 

...   5,370,279 

92,285 

11,920 

1887 

...  4,980,421 

...       OljOOO      ... 

5.799 

1888 

•••  S.395.942 

67,148 

11,823 

1889 

.-  5.728,314 

71,196 

18,689 

1890 

...  5,617,573 

77,433 

23.732 

Devon,  Cornwall,  and  Somersetshire.  Iron-ore 
mining  does  not  appear  to  have  reached  much  importance  at 
any  time  in  these  counties,  although  they  doubtless  contain  a 
large  quantity  of  iron  ore. 

In  the  Ebbw  Vale  Museum  is  a  Roman  coin  of  the  reign 
of  Domitian,  said  to  have  been  found  in  the  old  workings  at 
Kennesome  Hill,  West  Somerset 

Iron  ore  appears  to  have  been  worked  in  the  Mendips  in 
lS3&>  f°r  ^  is  referred  to  by  Leland  in  his  "  Itinerary,"  and 
Holinshed  in  1586  also  speaks  of  it. 

In  1670  Sir  John  Pettus l  says,  "  Iron  oar  is  plentiful  in 
Cornwall." 

1  "Fodinae  Regales." 
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In  1758  Borlase1  writes  :  "There  are  many  "  (iron  lodes) 
"  in  Cornwall, — but  not  that  I  have  heard,  or  can  learn,  worked 
as  yet  to  effect,  although  in  some  of  them  the  ore  is  very  rich 
and  near  the  surface."  In  1778  *  these  ores  still  remained 
unworked.  ' 

Between  1796  and  1802 3  9,293  tons  of  iron  ore  were 
shipped  to  Llanelly,  in  South  Wales,  from  a  lode  near  Combe 
Martin,  North  Devon. 

In  1806  we  learn,  from  Gough's  additions  to  Camden's 
"  Britannia,"  that  "  Iron  ore  is  found  in  Cornwall,  but  the 
working  it  does  not  answer, — nor  have  any  of  the  mines 
been  worked."  The  same  writer  says  that  "  Iron  is  profusely 
scattered  through  every  part  of  Devonshire ;  but  though  some 
ores  of  peculiar  value  have  been  shown,  there  is  no  evidence 
of  their  being  in  strata  so  extensive  as  to  render  the  working 
them  advantageous." 

In  1839,  according  to  De  la  Beche,4  iron  ore  was  being 
wrought  at  Lostwithiel,  Nantallan  Downs,  near  Bodmin,  St 
Stephen's,  Lanivet,  Ladock  in  Cornwall,  and  at  Brixham  and 
Shaugh  Prior  in  Devon.  The  Ebbw  Vale  Company  began 
work  at  Brendon  Hills  in  1852,  but  old  surface  workings  were 
in  existence  then. 

The  production  of  iron  ore  in  these  counties  since  1855 
has  been  as  follows  : — 


Cornwall. 

Devonshire. 

Somersetshire. 

Tons. 

Tons. 

Tons. 

1855 

24,<>57 

1,500 

4,940 

1856 

22,650 

4,100 

14,620 

1857 

19.359 

2,000 

25,342 

1858 

55.15° 

4,754 

26,041 

1859 

35,213 

3,598 

29,083 

i860 

23,953 

3,836 

24,101 

1861 

26,262 

5,399 

32,763 

1  •«  Natural  History  of  Cornwall." 

2  Price's  "  Mineralogia  Cornubiensis." 


8  "  Magna  Britannica,"  Devon,  p.  289. 

4  "  Report  on  the  Geology  of  Cornwall,  Devon,  and  West  Somerset/ 
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Cornwall. 

Devonshire. 

Somersetshire 

Tons. 

Tons. 

Tons. 

1862 

•  •  • 

24,626 

•  •  • 

3,550 

•  •a 

31,443 

1863 

•  *  • 

18.975 

•  •• 

7,014 

•  •• 

34,709 

1864 

•  •  • 

34.2IO 

•  •  • 

11,068 

•  •  • 

54,925 

1865 

■  •  a 

36,112 

•  •  • 

37,814 

•  •  • 

37,984 

1866 

•  •  • 

18,683 

•  ■  • 

40,671 

•  •* 

35,323 

1867 

•  •  • 

6426 

■  *  • 

10,212 

•  •  • 

36,875 

1868 

•  •  • 

8.310 

•  •  • 

11,178 

•  •  • 

32450 

1869 

•  •  • 

4,619 

•  •  • 

7,104 

a*  • 

27,230 

1870 

•  •  • 

11,214 

•  *  • 

10,103 

•  •  • 

19,739 

1871 

•  a.  • 

21,947 

•  ■  • 

14,124 

a  •  * 

32,883 

1872 

•  ■  a 

48,199 

«  •• 

29,361 

•  •  • 

30,913 

1873 

■  •  ■ 

31.455 

•  •  • 

31,455 

•  •  ■ 

46,532 

1874 

•  •  • 

45.055 

■  a  • 

21,313 

•  ■  • 

41,342 

1875 

a  •  • 

",403 

•  •  « 

io,594 

•  a  a 

45,166 

1876 

•  •  • 

18,390 

•  •• 

9»936 

•  •  • 

44,299 

1877 

*  ■  ■ 

4,963 

■  •  • 

6,434 

•  ■• 

5>,927 

1878 

•  •  • 

1,308 

•  •• 

4493 

•  *• 

43,  "5 

1879 

•  •  • 

400 

•  •  m 

592 

•  •  • 

14,100 

1880 

•  •  • 

7,46o 

•  •  • 

12,652 

•  a  • 

29,318 

1881 

•  •  • 

5,749 

•  •  a 

11,198 

•  •  • 

30,371 

1882 

•  ■  • 

670 

a  a  v 

11,481 

•  •  a 

36,067 

1883 

a  a  a 

95o 

a  •  • 

5,240 

•  •  • 

4,421 

1884 

•  ■  • 

•■■B^ 

a  •  • 

1,303 

•  a  ■ 

3,582 

1885 

•  ■  • 

75 

•  •■ 

1,928 

•  •  • 

2,099 

1886 

•  a  a 

— 

•  •  • 

1,010 

•  *• 

4,031 

1887 

•  •  • 

— 

a  a  a 

2,621 

•  a  • 

1,484 

1888 

•  •• 

— 

•  •  a 

2,085 

•  •  • 

i,388 

1889 

•  •  • 

— 

•  ■  • 

3,280 

•  •• 

1,400 

1890 

•  •  • 

— 

•  •  • 

4,155 

•  •  • 

636 

Durham  and  Northumberland,  There  can  be  very 
little  doubt  that  the  Romans  worked  iron  ore  in  these  counties. 

The  Rev.  I.  C.  Bruce  *  says  that  "  iron  has  been  procured  " 
(by  the  Romans)  "  in  large  quantities.  In  the  neighbourhood 
of  Habitancum,  masses  of  iron  slag  have  been  found,  and  in 
the  neighbourhood  of  Lanchester  the  process  seems  to  have 
been  carried  on  very  extensively.  On  the  division  of  the 
common,  two  large  heaps  were  removed,  the  one  containing 
about  400  cartloads  of  dross,  the  other  600."    Similar  old  heaps 


1  I, 


The  Roman  Wall,"  1853. 
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of  slag  occur  at  Chester-le-Street,  and  in  the  valleys  of  the  Reed 
and  Tyne. 

In  1245,  it  appears  from  a  catalogue  of  the  possessions  of 
Gilbert  d'Umfraville,  lord  of  Redesdale,  that  bloomeries  existed 
somewhere  in  Redesdale,  for  there  are  mentioned  "forgue  qua 
rcddunt  ferrum  quod  reddit per  annum  iiijJ.  ij\s" 

Iron  ore  was  worked  in  Weardale  in  1586,  according  to 
Holinshed.1 

In  the  reign  of  William  III.  a  colony  of  German  iron- 
workers established  themselves  at  Shotley  Bridge. 

Wallis,  in  1769,2  mentions  an  ironwork  which  existed  some 
years  previously  at  Lee  Hall,  near  Bellingham. 

In  1800  the  Tyne  Iron  Company  erected  two  furnaces  at 
Lemington  to  smelt  the  ironstone  from  the  coal  measures  at 
Walbottle,  Elswick,  etc. 

In  1806  Gough 8  says :  "  There  is  both  iron  and  lead  ore 
in  Weredale." 

Between  1830  and  1840  ironworks  were  erected  at  Birtley, 
Ridsdale,  Hareshaw,  Wylam,  Shotley  Bridge,  and  Consett,  for 
smelting  local  ironstone  from  the  coal  and  limestone  measures. 

In  1842  a  furnace  was  erected  at  Stanhope,  and  three  years 
later  five  others  at  Tow  Law  for  smelting  the  "rider"  ore, 
accompanying  the  lead  veins  in  Weardale. 

In  recent  years,  the  extent  to  which  the  ores  of  these 
counties  have  been  wrought  will  be  gathered  from  the  following 
table  of  output : — 


Clayband. 

Spathic  Ore 

AND  LlMONITE. 

Year. 

Tons. 

Tons. 

1870 

•  •  • 

•  •  • 

125,000 

V  •  • 

•  •  • 

100,332 

1871 

•  *  • 

•  •  * 

196,848 

■  •  • 

•  •  • 

88,449 

1872 

•  •  • 

■  •  • 

— 

•  •  • 

■  •  ■ 

97,953 

1873 

•  •  • 

•  •  • 

5S.98I 

•  •  » 

•  •  • 

99,393 

1874 

•  •  ■ 

•  •  • 

54,660 

•  •  • 

•  •  • 

85,49" 

1875 

•  •  • 

•  •  • 

45.317 

•  •  • 

•  •  • 

34,828 

1876 

•  •  • 

•  •  • 

14,961 

•  •  • 

■  •  • 

24,202 

1877 

■  •  • 

teles." 

•  ■  • 

31,858 

*  •  • 

•  ■  • 

aden's 

51,344 

1  "Chrom 

■  Cau 

"Britannia." 

2  "  History  of  Northumberland." 
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Spathic  Ore 

Clayband. 

AND  LlMONITE. 

Year. 

Tons. 

Tons. 

1878 

•  •  • 

•  •  • 

19,204 

•  •  ■ 

35>6i9 

1879 

•  •  * 

•  •  • 

8,508 

•   •   B 

16,679 

1880 

•  •  • 

■  •  • 

24.439 

»   ■    • 

41,357 

l88l 

•  ■  • 

•  •  • 

^^^                                  •  •  • 

•   ■    • 

70,701 

1882 

•  ■  • 

•  •  ■ 

•  •  ■ 

a  •  • 

83,726 

1883 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

50,248 

1884 

•  ■  • 

•  •  • 

■  •  ■ 

•  •  • 

49»°9I 

1885 

•  •  ■ 

•  •  m 

^^^                                   •  •  • 

•  •  « 

39,777 

1886 

•  •  • 

m  »  a 

•  •  • 

•  •  • 

i,759 

1887 

■  •  • 

•  •  • 

"■    —                                   •  •  ■ 

•  •  • 

2,506 

1888 

•  ■  • 

•  ■  • 

m^^m                                  • •  ■ 

•  •  • 

47,193 

1889 

•  •  • 

•  •  • 

™"^™                                  •  •  • 

•  •  • 

3,99* 

1890 

•  «« 

•  •  • 

"    "'                                      •  •  • 

•  ■  • 

11,488 

Northamptonshire,  Lincolnshire,  Leicestershire, 
Rutlandshire,  Oxfordshire,  and  Wiltshire.  That  the 
Romans  worked  iron  ore  in  some  of  these  counties  is  evident 
from  the  numerous  accumulations  of  slag,  associated  with 
Roman  coins  and  pottery,  occurring  at  such  places  as  King's 
Cliff,  Oundle,  Laxton,  Rockingham,  Kettering,  and  Irchester 
in  Northamptonshire. 

"  Iron-smelting 1  seems  to  have  dwindled  during  the  Saxon 
and  Norman  ages,  although  Domesday  Book  mentions  Ferraria, 
at  Gretton  and  Corby,  in  Edward  the  Confessor's  reign,  and 
it  is  recorded  that  royal  furnaces  were  in  work  at  Geddington 
from  the  time  of  Henry  II.  to  Henry  III."  The  practice  of 
iron-making,  soon  after  this,  appears  to  have  died  out,  and  not 
to  have  been  revived  until  about  forty  years  ago.  S.  H. 
Blackwell,  of  Dudley,  says :  "  An  investigation  at  the  close  of 
the  exhibition  (185 1)  was  rewarded  by  the  discovery  at 
Higham  Ferrers  of  a  bed  of  ore  many  feet  in  thickness.  This 
led  to  further  examination,  and  to  the  discovery  of  the 
Northampton  deposits." 

In  1855  attention  was  first  directed  to  the  iron  ores  of 
Wiltshire,  and  in  1858  the  iron  ore  in  the  lower  lias  at  Scun- 
thorpe, in  Lincolnshire,  was  first  worked.    About  the  same 

1  Address  by  John  Evans  at  Northampton,  1878. 
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time,  or  a  little  later,  the  ore  of  the  Middle  Lias  of  Oxfordshire 
began  to  be  worked. 

The  working  of  the  ore  in  the  Lower  Oolite,  near  Lincoln 
City,  was  commenced  in  1873. 

In  1882  the  deposits  at  Holwell,  Eastwell,  Waltham,  and 
Wartnaby  in  Leicestershire  were  opened  out. 

The  production  of  ore  in  these  counties  since  1855  has 
been  as  below : — 

y  NoRTHAHP-  LlNCOLN-  OSFOBU-  WlLT-  LEICESTER- 
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Glamorganshire,  Brecknockshire,  and  Monmouth- 
shire. The  Romans,  says  Williams  in  his  "  History  of  Mon- 
mouthshire," introduced  iron  foundries  into  Siluria  at  Monmouth, 
Hadnock,  Keven,  Pwlldu,  and  other  parts  of  the  county. 

Four  miles  north-east  of  Bolston  Gaer,  near  Miskin,  a  coin  of 
Antoninus  Pius  and  a  piece  of  fine  earthenware  were  found, 
in  1762,  under  a  large  bed  of  cinders. 

Dr.  Watson,  writing  on  the  haematite  deposits  of  Glamor- 
ganshire in  1859,1  says :  "Some  coarse  pottery  of  undoubted 
Roman  manufacture  was  found  a  few  years  since  buried  in  a 
small  pit  made  in  the  bottom  of  an  ancient  stall-working  at 
Ty-Ischaf.  The  pottery,  which  consisted  of  small  amphorae, 
was  accompanied  by  some  bones." 

In  1538  Leland,  in  his  "  Itinerary,"  says  :  "  There  are  two 
parkes  by  the  South  of  Llantrissant,  now  onpaled  and  without 
deere.    There  is  yrun  made  in  one  of  these  parkes." 

Ironworks  appear  to  have  been  erected  at  Pontypool  soon 
after  1565,  and  a  regular  account  of  the  sales  of  iron  (from 
those  works)  commences  in  15  88.* 

In  1670  Sir  John  Pettus  8  writes  thus:  "The  other  great 
works  was  of  iron  at  Whitbrook  and  Tintorne  in  Monmouth- 
shire, for  the  working  of  iron  wier,  and  this  work,  and  other 
Ironworks  which  support  them,  did  also  employ  at  least  four 
thousand  men  dailie,  and  so  have  done  for  many  years." 

In  1740  the  production  of  iron  in  these  counties  and 
Caermarthenshire  was  only  2,000  tons.  In  1788  it  was  12,500 
tons,  in  1796  it  had  risen  to  34,101  tons,  and  in  1830  to 
127,340  tons. 

In,  or  about,  1750,  according  to  a  MS.  in  possession  of 
Mr.  Octavius  Morgan,  "  On  the  mode  and  cost  of  making  iron 
in  South  Wales,  more  particularly  Monmouthshire  and  Breck- 
nockshire," iron  ore  was  obtained  from  the  coal  measures  of 
these  counties,  and  the  manner  of  extracting  it  is  described. 

In,  or  about,  1755  Mr.  Anthony  Bacon  began  to  operate 

1  Th$  Geologist, 

2  Williams,  "  History  of  Monmouthshire." 
■  "  Fodinae  Regales." 
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at  Merthyr  Tydvil,  and  so  extensive  had  his  business  become, 
that  in  1783,  when  he  retired,  he  had  four  ironworks  to  dispose 
of, — viz.  Cyfarthfa,  Penydarran,  Dowlais,  and  Plymouth. 

Mr.  Coxe,  in  his  "  Historical  Tour  in  Monmouthshire  (1 80 1)," 
says  :  "  The  masses  of  ore  found  near  the  surface  were  con- 
veyed to  the  forges  at  Pontypool  ...  it  is  a  matter  of  wonder 
that  these  mineral  treasures  have  been  so  long  neglected." 

In  1803  Mr.  Malkin1  wrote:  "Mr.  Crawshay's  ironworks 
of  Cyfarthfa,  are  now  by  far  the  largest  in  the  kingdom." 

Recent  operations  at  Llantrissant  Mines  commenced 
about  1855. 

Production  of  Ore  since  1857. 


LlMONITE. 

Clay  Ironstone. 

Year. 

Tons. 

Tons. 

1857 

•  •  •    •  • .   24,300 

1,013,941 

1858 

24,635 

727,596 

1859 

>.    ...    ...   4*  >  200 

607,558 

IoOO    . .  • 

29,217 

601,488 

l86l 

4**557 

504,148 

1862 

43*893 

428,160 

1863 

54i6i3 

365.404 

1864 

63,569 

404,786 

1865 

64,437 

323.305 

1866 

67,387 

301,305 

1867 

73*624 

427,562 

1868 

83,535 

629,145 

1869 

...   02,071 

632,130 

1870 

88,720 

471,285 

1871     

...   ...   83,324 

886,390 

1872    

72»766 

1,174,828 

1873    

53*  '55 

890,771 

1 874 

120,890 

540,726 

1875    

100,290 

495,840 

1876 

83,970 

476,285 

1877    

77i32o 

367.3I6 

Ioyo    ...    .. 

561639 

3*8,399 

1879 

53»8n 

299,000 

I00O    . .. 

65,567 

278,361 

1     M 


Antiquities  of  South  Wales." 
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LlMONXTE. 

Clay  Ironstone. 

Tons. 

Tons. 

66,739 

251,372 

39,800 

204,882 

25,119 

139,840 

12,479 

*9»937 

1,601 

63,294 

14,968 

60,092 

17,816 

44,611 

15,029 

41,616 

12,043 

41,199 

9423 

40,293 

1001  •••  •••  •*•  • 

1  Ou«  •••  •  •  •  ■  ■  •  • 

mOQ^  ••■  •••  •••  • 

*  TiMrsa  ••  •  •  •  •  ••• 

s>  oos  •■•  •  •  •  •«•  • 

IOOU  •■•  •  •  •  ••■  • 

&  007  •  •  •  •  •  •  •••  •< 

IOOO  ••»  ••■  •  ••  • 

IOOO  •■•  •••  #••  • 

IOUU  *••  •••  •••  •> 

Scotland.  There  does  not  appear  to  be  any  evidence 
of  iron  having  been  made  here  by  either  the  Romans  or  by 
the  Saxons.  , 

In  1609 l  it  was  proposed  to  erect  ironworks  in  the  High- 
lands, and  to  use  the  natural  wood  there  for  the  purpose  of 
smelting  the  ore,  but  an  Act  of  Parliament  prohibited  this, 
on  the  ground  that  the  waste  of  timber  would  be  too  great 
Shortly  afterwards,  however,  an  ironworks  seems  to  have  been 
actually  established,  for  in  16 13  a  proclamation  was  made  by 
the  Privy  Council,  restraining  the  export  of  iron  ore  out  of  the 
country,  so  that  the  enterprises  6f  the  new  industry  should  not 
be  hindered  or  disappointed. 

In  1 62 1  *  "Sir  George  Hay,  of  Kinfauns,  had  permission  to 
transport  any  iron  made  by  him  to  any  port  or  harbour  of  any 
burgh,  notwithstanding  the  privileges  or  liberties  formerly 
granted  to  the  burghs." 

About  1750  a  furnace  was  erected  at  Goatfield  and  another 
at  Bunawe  near  Loch  Awe,  both  in  Argyleshire.  The  latter  is 
still  occasionally  in  operation.  According  to  Aiton,8  the  ore 
used  here  or  some  of  it  came  from  Muirkirk. 

In  1760  Smeaton's  improved  blowing  engine  was  first  applied 
at  Canon  Ironworks. 

1  "Early  Records  relating  to  Mining  in  Scotland,"  by  R.W.  Cochrane- 
Patrick,  1878. 
1  Ibid. 
9  "  General  View  of  the  Agriculture  of  the  County  of  Ayr." 
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Pennant,1  in  1767,  refers  to  the  Carron  Ironworks,  and  says : 
"They  are  the  greatest  of  the  kind  in  Europe.  They  were 
formed  about  eight  years  ago." 

In  1 781  a  furnace  was  erected  at  Wilsontown,  and  another 
in  1788,  making  a  total  of  eight  furnaces,  in  Scotland,  in  the 
latter  year — four  at  Carron,  two  at  Wilsontown,  and  two  in 
Argyleshire. 

In  1792,  according  to  Sir  John  Sinclair,2  there  were  five 
furnaces  in  operation  at  Carron. 

In  1 796  s  there  were  seventeen  furnaces  in  the  whole  of 
Scotland,  producing  16,086  tons  a  year.  The  following  furnaces 
had  been  erected  during  the  previous  four  years :  Muirkirk  (2), 
Omoa  (2),  Clyde  (3),  Devon  (2). 

The  blackband  ironstone  was  discovered  by  Mushet  in  180 1 
when  crossing  the  River  Calder  in  the  parish  of  old  Monkland. 

In  1806  there  were  twenty-seven  furnaces  in  Scotland, 
capable  of  producing  22,840  tons  a  year,  others  having  been 
commenced  since  1796  at  Calder  (2),  Shotts  (1),  Glenbuck  (1), 
and  Markinch  (2),  in  Fifeshire ;  whilst  the  number  of  furnaces 
at  Carron  and  Muirkirk  had  been  increased. 

In  this  year  Gough  writes :  "  Great  plenty  of  iron  ore  is 
found  near  the  wood  of  Dalbogie.  A  considerable  ironwork 
has  lately  been  erected  at  Wilsontown  or  Cleugh,  near 
Carnwath,  and  another  is  erecting  near  Glasgow." 

Little  progress  seems  to  have  been  made  during  the  next 
seventeen  years,  for  in  1823  the  production  of  iron  was  only 
24,500 ;  but  in  1825  the  Monkland  Iron  Company  erected  their 
first  furnace,  adding  a  second  in  1828  or  1829 ;  and  in  1830  the 
works  at  Gartsherrie  were  commenced.  The  production  in 
this  year  was  37,500  tons,  equal  to  about  112,500  tons  of  ore. 

Between  1830  and  1855  the  development  of  the  iron-ore 
resources  of  this  country  made  enormous  strides,  and  the 
production  was  increased  twenty-fold. 

1  "  A  Tour  in  Scotland." 
8  "  Statistical  Account  of  Scotland." 

*  Return  made  by  Dr.  McNab  in  opposition  to  a  proposed  tax  on 
coals 
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Production  of  Ironstone  since  1855. 


Year. 

Tons. 

Year. 

Tons. 

1855 

•  •  « 

•  •• 

2,400,000 

1873 

•  •  ■ 

...   1,986,000 

1856 

•  •  • 

•  •  • 

2,201,250 

1874 

•  a  • 

...  2,119,771 

1857 

•  •  • 

•  •  • 

2,500,000 

1875 

•  •  • 

...  2,452,235 

1858 

•  •  • 

•  •• 

2,312,000 

1876 

•  •  * 

-  2,552,553 

1859 

•  •  • 

•  m  • 

2,225,000 

1877 

•  •  m 

...  2,621,852 

i860 

•  •  • 

•  •• 

2,150,000 

1878 

•  •  • 

...  2,443,923 

l86l 

•  •  • 

•  •  • 

i,975>°°o 

1879 

*•  • 

...  2,458,407 

1862 

•  •• 

•  •• 

1,500,000 

1880 

•  •  • 

...  2,659,317 

1863 

•  *  • 

•  •  • 

1,500,000 

l88l 

•  •  • 

...  2,600,609 

1864 

■  •• 

•  a  • 

1,950,000 

1882 

•  •  • 

...  2,406,084 

1865 

•  •  • 

•  •  • 

1,470,000 

1883 

•  •  a 

...  2,228,851 

1866 

•  v  • 

■  •  • 

1,587,000 

1884 

a  •  • 

...  1,885,376 

1867 

•  •  ■ 

■  •  • 

1,264,800 

1885 

•  •  • 

...  1,838,423 

1868 

•  •  • 

•  »  • 

1,250,000 

1886 

a  •  • 

•••  I»507,534 

1869 

•  •  • 

•  •  • 

1,950,000 

1887 

aa  • 

...   1,321,899 

1870 

•  •  • 

•  •  • 

1,980,000 

1888 

•  a  ■ 

...   1,236,597 

187 1 

•  •  • 

•  •  • 

1,975,000 

1889 

■  •  a 

...  1,061,734 

1872 

•  •  * 

•  •  • 

1,978,000 

1890 

■  •  • 

...    9981835 

Ireland  (Comity  Antrim).  Although  the  aluminous 
ores  of  Antrim  were  probably  known  at  an  early  date,  yet  their 
economic  importance  does  not  appear  to  have  been  realised 
until  about  1843.  There  was  then  an  attempt  made  by  Mr. 
Crommelin  at  Newton  Crommelin,  to  smelt  them  on  the  spot 
by  means  of  coke  prepared  from  turf,  but  the  attempt  failed.1 
The  ore  worked  at  that  time  appears  to  have  been  "bole," 
the  pisolitic  ore  not  being  known. 

In  1 86 1  Dr.  Ritchie  began  to  work  these  beds — then  known 
as  the  Belfast  Aluminous  Ore — at  Ballipallidy  ;s  and  in  1866  the 
late  Mr.  T.  Fisher,  of  Barrow-in-Furness,  commenced  opera- 
tions at  Glenravel.  This  was  practically  the  beginning  of  the 
present  Antrim  iron-ore  trade.  Since  then  numerous  other 
individuals  and  companies  have  entered  the  field;  and  the 
progress  made  by  them  will  perhaps  be  better  indicated  by  a 
table  of  the  annual  output  than  by  a  lengthened  description : — 

1  Dr.  J.  F.  Hodges,  Belfast  Natural  History  and  Philosophical  Society, 
November  1875. 

*  Belfast  and  Ballymena  Railway,  opened  April  nth,  1848. 
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Year. 

Tons. 

Year. 

Tons. 

I86l   ... 

165 

1876 

..  115,579 

1862  ... 

10,431 

1877    

•  152.495 

1863  ... 

...   15.937 

1878 

•  156,834 

1864  ... 

...   41,839 

1879    

•  155,833 

1865  ... 

...   14,117 

1880    

..  239,325 

1866  ... 

-.   I5i7<>4 

1881 

•  199.863 

1867   ... 

24,416 

1882    

.  189,724 

1868  ... 

...   24,469 

1883    ...    . 

..  146,452 

1869  ... 

...   22,058' 

1884 

102496 

1870  ... 

...   52,600 

1885    

..  107,646 

1871   ... 

■•   93,326 

1886 

..  101,570 

1872  ... 

...  146,500 

1887 

-  135.389 

1873  -. 

...  113,870 

1888    

•  129,235 

1874   ... 

...  140,360 

1889 

..  164,686 

1875  - 

...  128,302 

1890 

..  I59»268 

PART  II. 

THE  GEOLOGICAL   POSITION,   FORM, 
AND   INNER  NATURE   OF   IRON- 
ORE   DEPOSITS. 
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CHAPTER  I. 
INTRODUCTORY. 

The  principal  iron  ores  of  commerce  are  oxides  and  car- 
bonates. As  they  occur  in  Great  Britain  and  Ireland  they 
may  be  sub-divided  as  under : — 

OXIDES. 

Magnetite  (FesO*),  commonly  called  magnetic  iron  ore, 
and  consisting  of  oxygen  27*6  and  iron  72*4=  100;  or,  ses- 
quioxide  of  iron  68*97  and  protoxide  of  iron  31*03  =  too.  Its 
colour  and  streak  are  iron  black,  hardness  5*5 — 6*5,  specific 
gravity  4*9 — 5*2 ;  and  it  is  strongly  magnetic,  sometimes  polar. 

Hematite  (Fe3Oi).  The  variety  commonly  called  red 
haematite  is  that  most  used  for  metallurgical  purposes.  Its 
composition  is,  iron  70,  oxygen  30  =  100,  hardness  5*5 — 6*5, 
specific  gravity  4*2 — 5*3.  Its  colour  is  red  to  bluish  purple; 
streak,  red  to  reddish  brown. 

Limonite  (2  Fe308,  3H20).  There  are  several  varieties, 
but  that  usually  known  as  brown  haematite  is  principally  used 
in  iron  making.  It  consists  of  sesquioxide  of  iron  85*6,  and 
water  14*4  =  too.  Its  hardness  varies  from  3*6 — 4.  Specific 
gravity  3*6 — 4.  Usual  colours,  brown  or  brownish-yellow, 
sometimes  nearly  black  on  the  exterior  and  shining;  streak, 
yellowish-brown. 

CARBONATES. 

Siderite  (Fe^o,),  known  also  as  spathic  or  spathose  iron- 
ore  (some  of  the  more  impure  descriptions  are  called  clay 
ironstone,  clayband,  and  blackband  ironstone).    It  contains 
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protoxide  of  iron  62*1  (=iron  77771  oxygen  22*22  =  100), 
carbonic  acid  37*9  =  100.  Its  hardness  is  3*5 — 4*5,  and 
specific  gravity  37 — 3*9.  Colours,  white,  ash-grey,  brown, 
reddish-brown ;  streak,  white. 

None  of  these  ores  are  perhaps  ever  met  with  in  the  state 
of  purity  here  indicated ;  certainly  not  in  any  quantity.  Usually 
they  contain  a  greater  or  less  proportion  of  ordinary  rock- 
forming  material,  as  will  be  seen  from  the  analyses  later  on. 
The  extent  to  which  this  foreign  matter  is  present  determines 
the  value  of  the  ore  to  the  metallurgist. 

Iron  is  one  of  the  most  abundant  metallic  minerals  in 
nature,  but  as  a  rule  it  is  so  mixed  up  with  other  matter  as  to 
be  altogether  unavailable  to  the  iron-maker.  The  positions, 
both  vertically  and  laterally,  or  geologically  and  topographi- 
cally, in  which  it  is  sufficiently  concentrated  to  be  of  any 
economic  importance,  at  present,  are  comparatively  few; 
although  we,  in  Britain,  have  perhaps  a  larger  number,  and  a 
greater  extent  of  such  accumulations,  than  has  yet  been  found 
in  any  similar  area  in  the  world. 

The  opposite  table  shows  the  geological  horizon  on  which 
most  of  the  workable  iron  ores  in  Great  Britain  and  Ireland 
are  found.  Iron  ore,  not  included  in  this  table,  is  found,  in 
granite,  both  in  Cumberland  and  Cornwall.  In  the  former 
county  the  granite  comes  to  the  surface  through  lower  Silurians 
and  in  the  latter  through  Devonian  Rocks. 

From  our  present  standpoint  iron  ores  may  be  looked  at  in 
three  different  ways  : — 

1.  As  to  Geological  position. 

2.  Geographical  distribution. 

3.  Mineralogical  characteristics. 

In  grouping  the  deposits  for  description,  it  tends  to  brevity, 
as  well  as  to  a  clearer  conception,  to  view  some  of  them  in  one 
way,  and  some  in  another,  according  to  circumstances.  That, 
therefore,  is  the  manner  in  which  they  will  be  dealt  with  in  this 
part  of  the  work. 


Geological  and  Topographical  Distribution  of  Ore. 


Geological  Systems. 


«"<*— {Efc:: 


Eocene 


Cretaceous 


{ 


Upper 
Lower 


Oolite 


i 


Upper 
Middle 


V,  Lower 


Lias 


Upi 

Middle 


Lower 


Formations  Con. 
taining  Workable 
Ore. 


Basalt 


Lower  Greensand 
Middle  Neocotnian 


Coral  Rag 
Northampton  Sand 


Trias.. 


Permian 


•  ■  •  •  •• 


Carboniperous  ...< 


Devonian 


Upper 
Middle 


1-ower 


sn.URiAN{^;;; 


Cambrian    ... 


Marlstone  Rock 
Beds 


Variety  of 
Ore. 


Limonite 


Limonite 
Do. 


Siderite  and 

Limonite 

Do. 


Magnetite 


Siderite  and 
Limonite 

Limonite  and 
Siderite 


Coal  Measures 


Yoredale  Rocks 

Carboniferous 
Limestone 


Coniston  Limestone 
Skiddaw  Slates 


Siderite 


Siderite  and 
Limonite 
Siderite 

Limonite 
Haematite 


Siderite  > 
Limonite  J 
Haematite 
Magnetite 


Haematite 
Do. 


Localities  in  which  the 
Ores  are  worked. 


County  Antrim,  Ireland. 


Seend,  Wiltshire. 

Tealby  and  Claxby,  Lin- 
colnshire. Weald  of 
Kent  and  Sussex  (not 
now  worked). 


Westbury,  Wilts. 

Cleveland,  Northampton- 
shire, Lincolnshire, 
Rutlandshire. 

Rosedale,  Yorkshire. 


Cleveland,  Lincolnshire, 
Leicestershire  and  Ox- 
fordshire. 

Frodingham,  Lincolnshire 


Scotland,  Yorkshire,  Der- 
byshire, Staffordshire. 
Shropshire,  Warwick- 
shire, South  Wales. 

Weardale  and  Alston 
Moor. 

Northumberland. 

f Forest    of    Dean    and 

\     Glamorganshire. 

fWest  Cumberland  and 

(     Furness. 


Somersetshire   j  Devon- 
>        shire. 
I  Cornwall. 


Water  Blean,  Cumberland. 
Knockmurton  and  Kelton 
Fell,  Cumberland. 


CHAPTER    II. 

THE  HAEMATITE  DEPOSITS  OF  WEST  CUMBERLAND 

AND  FURNESS. 

Perhaps  there  are  no  districts  of  equal  importance  in  the 
whole  of  the  British  Isles  which  have  received  so  little  atten- 
tion from  men  of  science  as  the  haematite  districts  of  West 
Cumberland  and  Furness : — 

The  following  list  includes  perhaps  all  that  has  been  written 
except  mere  incidental  references. 

i.  "A  Glance  at  the  Geology  of  Low  Furness,  Lancashire/' 
by  E.  W.  Binney.  Proceedings  of  the  Manchester  Liter- 
ary and  Philosophical  Society,  1847. 

2.  "  On  the  Haematite  Ores  of  North  Lancashire  and  West 
Cumberland, "  by  Professor  J.  Phillips  and  R.  Barker. 
Reports  of  the  British  Association  for  1858. 

3.  "  The  Haematite  Mines  of  the  Ulverston  District,"  by 
J.  C.  Greenwell.  Transactions  of  the  Manchester  Geo- 
logical Society,  vol.  v.,  p.  248. 

4.  "  The  Age  of  the  Haematite  iron  Deposits  of  Furness," 
by  E.  W.  Binney.  Proceedings  of  the  Manchester  Liter- 
ary and  Philosophical  Society,  1867. 

5.  "The  Haematite  Iron-ore  Deposits  of  Whitehaven. 
Notes  on  the  Aldby  Limestone,  Cleator  Moor,"  by  W. 
Brockbank.  Proceedings  of  the  Manchester  Literary 
and  Philosophical  Society,  1868. 

6.  "Geological  Notes  on  Iron  Ores,"  by  G.  A.  Moon, 
Whitehaven,  1868. 
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7.  "Facts  developed  by  the  working  of  Haematite  Iron 
Ores  in  the  Ulverston  and  Whitehaven  Districts,  from 
1844  to  l&ll"  by  T.  Ainsworth.  Chemical  News,  vol. 
xxiv.,  pp.  104-6. 

8.  "  On  the  Geology  of  the  North  Lancashire  and  Cumber- 
land Iron-ore  Districts,"  by  P.  Wurzburger.    Proceedings 

of  the  Iron  and  Steel  Institute,  1874. 

9.  "  The  Haematite  Iron  Mines  of  the  Fumess  District," 
by  J.  L.  Shaw.  Proceedings  of  the  Institute  of  Mechani- 
cal Engineers^  1880. 

The  following  six  papers  are  by  the  Author,  J.  D.  Kendall  :— 

10.  "  The  Haematite  Deposits  of  Whitehaven  and  Furness,,, 
Colliery  Guardian,  vol.  xxviii.,  1874. 

11.  "  Haematite  in  the  Silurians,"  Quarterly  Journal  of  the 
Geological  Society,  1875. 

12.  "  The  Haematite  Deposits  of  Whitehaven  and  Fumess," 
Transactions  of  the  Manchester  Geological  Society,  vol. 
xui. 

13.  "  The  Haematite  Deposits  of  West  Cumberland,"  Trans- 
actions of  the  North  of  England  Institute  of  Mining  and 
Mechanical  Engineers,  1879. 

14.  "The  Haematite  Deposits  of  Furness,"  Transactions 
of  the  North  of  England  Institute  of  Mining  and 
Mechanical  Engineers,  1882. 

15.  The  Mineral  Veins  of  the  Lake  District,"  Transactions 
of  the  Manchester  Geological  Society,  1884. 

Those  parts  of  West  Cumberland  and  Furness  in  which 
haematite  deposits  mainly  occur  may  be  roughly  described  as 
a  belt  of  country  of  varying  width,  extending  along  the  sea 
coast  from  Whitehaven  on  the  North  for  a  distance  of  about 
thirty-three  miles,  its  greatest  width  being  about  eight  miles. 
Along  the  landward  edge  of  this  belt  stand  some  of  the  western 
mountains  of  the  lake  country,  which  vary  in  appearance  ac- 
cording to  the  nature  of  the  rocks  of  which  they  are  formed ; 
being  sometimes  of  a  rough  and  rugged  outline,  at  others 
smooth  and  regular.     Between  this  mountainous  tract  and  the 
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sea  the  ground  is  low  and  gently  undulating,  seldom  rising 
above  four  hundred  feet,  and  being  mostly  below  the  hundred 
and  fifty  feet  contour. 

The  haematite  deposits  hitherto  worked  occur  in  the  centre 
and  at  the  extreme  ends  of  this  belt,  those  in  the  north 
being  about  Kelton,  Salter,  Winder,  Frizington,  Cleator  Moor, 
Bigrigg,  and  Egremont,  and  those  in  the  south  at  Silecroft, 
Hodbarrow,  Water  Blean,  and  in  Furness.  The  deposits  in 
the  central  part  of  the  belt  occur  in  the  hills  about  Eskdale. 
Plate  I.  is  a  geological  map  of  the  northern  area. 

Stratigraphical  and  Lithological  Details. 

r 

The  geological  systems  represented  in  these  districts  are  not 
numerous,  but  they  are  very  well  developed.  The  relations 
of  the  various  members  composing  them  are  shown  in  the 
following  table : — 

Superficial  Deposits. 

r  Saint  Bees  Sandstone. 
Permian  System.  )  Magnesian  Limestone. 

(  Breccia. 

Unconformity. 

(Yoredale  rocks. 
Carboniferous  Limestone. 
Lower  Limestone  Shale. 
Conglomerate. 


Silurian 
System. 


Unconformity. 

Coniston  grits  and  flags. 

Coniston  Limestone. 

Volcanic  rocks  of  Borrowdale.  |Traversed  byGran. 

Skiddaw  slate.  j     ite  and  Syenite. 

Granite  is  found  only  in  one  locality.  It  is  known  as  the 
Eskdale  granite,  from  the  fact  that  it  is  mainly  found  in  that 
neighbourhood.  Its  colour  varies  from  grey  to  red,  according 
to  the  colour  of  its  felspar.    Several  deposits  of  haematite  have 
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been  worked  in  it,  but  only  one  or  two  to  any  extent.  These 
are  near  Boot  in  Eskdale.  The  composition  of  this  rock,  as 
given  in  the  "  Survey  Memoir  of  the  Lake  District  *  (northern 
part),  is  as  follows  : — 


Silica 

Alumina 
Lime  ...         ... 

Magnesia 
Potash 

■jUQa    •  •  •  •  •  • 

Ferrous  oxide 
Ferric  oxide ... 
Phosphoric  acid 
Sulphuric  acid 
Carbonic  acid 


73*573 

13750 

1*064 

•396 
3512 

4315 
2-103 

•615 

•012 

trace 


Water  (loss  on  ignition) -66o 


Total        100*000 


Syenite  occurs  in  the  hills  about  Ennerdale.  The  pre- 
vailing colour  is  pale  red.  Haematite  has  been  worked  in  it 
to  a  small  extent  at  Crag  Fell ;  but  the  rock  is  too  hard  to 
allow  the  narrow  veins  which  occur  in  it  there  to  be  worked 
profitably. 

The  Skiddaw  Slate  series  forms  much  of  the  high 
ground  near  Ennerdale,  in  the  north-east  portion  of  the  dis- 
trict, the  mountain  of  Black  Comb  in  Millom,  and  it  also 
occupies  a  small  area  in  Furness.  They  may  be  looked 
upon  as  the  basement  rocks  of  the  district.  They  consist  of 
bluish,  greenish,  and  purply-grey  mudstones  and  greyish  grits, 
which  are  sometimes  spotted  with  purple  or  brown.  None  of 
these  rocks  are  much  used  for  economic  purposes ;  partly  on 
account  of  the  ease  with  which  the  atmosphere  and  other 
meteoric  agencies  act  upon  them,  and  partly  owing  to  their 
being  so  much  split  up  by  joints.  Their  thickness  is  uncertain, 
but  has  been  variously  estimated  at  from  five  thousand  to  ten 
thousand  feet.  Owing,  however,  to  the  great  similarity  of  the 
beds,  and  the  consequent  difficulty  of  detecting  faults,  their 
real  thickness  is  probably  less.    For  the  same  reason  the  sue- 
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cession  of  beds  has  not  yet  been  accurately  ascertained,  so  that 
we  cannot  be  quite  sure  of  the  horizon  of  many  of  them. 
They  are  generally  inclined  at  high  angles,  which  vary  greatly 
both  in  direction  and  amount.  In  ten  square  yards  of  ground 
they  may  be  seen  to  dip  to  the  four  principal  points  of  the 
compass,  at  angles  with  the  horizon  varying  from  450  to  8o°. 
They  are,  moreover,  much  split  up  by  joints,  which  range 
themselves  into  two  principal  sets — one  set  running  about 
1 50  north-east  and  south-west,  the  other  about  370  north- 
west and  south-east.  Sometimes  the  dip  and  strike  of  the 
strata  correspond  with  one  of  these  sets  of  joints.  The  rocks 
then  have  a  flaggy  appearance,  but  more  generally  the  beds 
are  intersected  by  both  sets,  in  which  case  the  rocks,  owing  to 
their  thin  bedding,  have  a  very  broken  appearance.  Haematite 
has  been  found  in  this  group  at  several  places,  but  has  been 
worked  extensively  at  Kelton  Fell  and  Knockmurton  only. 

The  composition  of  the  Skiddaw  Slate  as  it  exists  at  Red 
Pike,  not  far  from  Knockmurton,  is  given  in  the  "  Lake  District 
Memoir  "  as  follows  : — 

OIIIC&   •*■  ...  ••*  ••.  .  .  .  •  •  .  .••  5  T  4^^ 

Alumina        20720 

mIUIC     •••  ■•■  •  •  •  •••  ••■  •  •  •  •••  A    %Jm*A 

Magnesia       ...         ...         ...         ...         ...         ...  1*94-6 

Potash  ...         ...         ...         ...         ...         ...  3*203 

OUUa    •••  •■•  •  •  •  •  •  •  •■•  « * •  •  • »  U  217 

Ferrous  oxide          8*i88 

Ferric  oxide ...         ...         '988 

Phosphoric  acid       '569 

Sulphuric  acid         trace 

Carbonic  acid           ...         ...         ...         ...         ...  trace 

Carbonaceous  matter          '361 

W  HUC I  ••■  •••  •  •  •  •  •  •  •■•  ••■  a    /  ^4 


Total        ...      100*000 


Borrowdale  Series.  The  volcanic  lavas  and  ashes  of 
this  series,  usually  known  as  the  green  slates  and  porphyries, 
form  the  remaining  portion  of  the  high  ground  on  the  eastern 
side  of  the  district.     It  is  through  these  rocks  that  the  Eskdale 
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granite  last  rises  in  its  passage  to  the  surface.  Haematite  has 
been  found  in  the  series  at  a  great  many  places,  but  only  in 
very  small  quantity. 

Coniston  Series.  These  consist  of  Coniston  limestone, 
Coniston  grits,  and  Coniston  flags,  and  occupy  but  a  small 
area  in  the  southern  part  of  the  district.  The  limestone 
formation  occurs  in  some  places  as  one  solid  bed  of  limestone ; 
in  others  it  is  found  in  somewhat  thinner  beds,  which  are 
interstratified  with  limy  shales.  It  is  generally  of  a  deep  blue- 
grey  colour,  and  some  of  the  more  shaly  portions  weather 
very  much.  Usually  it  is  inclined  at  very  high  angles,  some- 
times being  nearly  on  end.  The  grits  and  flags  are  of  a  very 
hard  and  durable  nature,  and  are  much  used  for  building 
purposes.  They  occur  alternately  throughout  the  upper  part 
of  the  series.  Haematite  is  not  abundant  in  these  rocks ;  but  in 
the  limestone  at  Water  Blean  a  deposit  was  worked  interruptedly 
for  a  few  years,  the  ore  being  used  mostly  for  colouring  pur- 
poses. The  writer  is  not  aware  that  any  haematite  has  been 
found  in  the  grits  and  flags. 

Carboniferous  Limestone  Series.  This  is  the  most 
important  group  of  rocks  in  these  districts,  as  in  it  are  found 
those  immense  deposits  of  haematite,  through  which  the  districts 
have  become  so  famous.  It  rests  transgressively  on  the  denuded 
edges  of  the  Silurians,  lying  sometimes  on  the  Skiddaw  slate, 
as  in  the  northern  part  of  the  district  (see  Plate  I.).  At  other 
times  it  may  be  found  upon  the  Borrowdale  or  Coniston  series, 
as  between  Silecroft  and  Millom,  and  also  in  Furness. 

Whitehaven  District. 

At  the  Whitehaven  end  of  the  district  it  generally  dips  to 
the  west  or  north-west  at  angles  varying  from  twelve  to  thirty 
degrees  with  the  horizon,  and  consists  of  alternations  of  lime- 
stone, sandstone,  and  shale,  the  first  predominating.  From 
the  correlation  of  a  great  number  of  sections  which  have  been 
obtained,  either  by  boring  or  sinking,  between  Rowrah  and 
Egremont,  the  writer  considers  that  it  may  be  divided  into 
seven  distinct  beds  of  limestone,  as  described  below.    The 
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bottom  bed  of  the  formation  is  shale,  mostly  of  a  red  colour, 
but  sometimes  grey,  at  others  nearly  black.  Occasionally, 
as  in  the  neighbourhood  of  Egremont,  it  has,  in  some  of  its 
layers  near  the  bottom,  quite  a  conglomeratic  character.  The 
shale  bed  is  very  thin  in  the  neighbourhood  of  Yeathouse  and 
Salter;  but  from  there  it  seems  to  thicken  gradually  both 
towards  Lamplugh  on  the  one  hand,  and  Egremont  on  the 
other.  Everywhere  within  the  Whitehaven  haematite  district, 
that  is  to  say,  over  an  area  of  about  seven  square  miles,  the 
shale  forms  the  base  of  the  carboniferous  rocks,  and  reposes 
on  the  upturned  and  eroded  edges  of  the  Skiddaw  slate ;  facts 
which  go  to  show  that  the  carboniferous  rocks  of  that  area 
were  deposited  on  a  plane  of  marine  denudation. 

The  Seventh  or  Bottom  Limestone  contains  a  few  partings 
of  shale,  and  varies  in  thickness  from  40  to  182  feet  So 
far  as  proved,  this  bed  is  thinnest  at  Lamplugh,  and  thickens 
gradually  towards  Egremont.  Within  the  more  important  parts 
of  the  haematite  area  the  variations  in  thickness  are  less  than 
those  just  mentioned,  there  being  a  rapid  thinning  of  the  bed 
towards  the  north-east  after  leaving  Eskett.  This  bed  is 
separated  from  the  sixth  limestone  by  a  few  variable  shale 
beds,  which  in  the  neighbourhood  of  Egremont  become  so 
thin,  that  the  sixth  and  seventh  limestones  may  there  be  said 
to  form  one  bed,  although  towards  the  north-east  they  are 
distinctly  separated. 

The  Sixth  Limestone  also  contains  a  few  thin  partings  of 
shale,  and  varies  in  thickness  from  54  to  70  feet,  except  at 
Lamplugh,  where  it  reaches  the  uncommon  thickness  of  105  feet. 
Between  the  sixth  and  fifth  limestones  there  is  from  14  to  24 
feet  of  shale,  or  shale  and  sandstone,  and  sometimes  thin  beds 
of  limestone.  These  dividing  beds  are  more  variable  than  those 
separating  the  higher  beds  of  limestone,  but  still  they  are 
sufficiently  persistent  to  be  always  traceable. 

Fifth  Limestone.  This  bed,  like  the  last,  is  split  up  by  thin 
beds  of  shale,  but  they  are  very  inconstant.  It  ranges  in  thick- 
ness from  50  to  70  feet.  Over  this  limestone  there  is  from  14  to 
24  feet  of  shale  usually,  but  occasionally  it  is  shale  and  sandstone. 
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Fourth  or  Clints  Limestone.  This  bed  varies  from  235  to 
310  feet  in  thickness.  In  some  parts  of  the  district  it  consists 
almost  entirely  of  limestone,  but  in  others  it  is  split  up  by  thin 
beds  of  shale,  which,  however,  are  very  inconstant ;  generally 
they  may  be  said  to  increase  in  number  and  thickness  towards 
the  north-east.  Some  parts  of  the  limestone  of  this  bed  are 
very  silicious,  the  rock  then  assuming  that  character  which  is 
locally  known  as  "  Whirlstone."  Towards  the  north-east  sandy 
beds  appear  in  it,  as  at  Winder. 

Third  Limestone.  This  bed  consists  entirely  of  limestone, 
and  ranges  in  thickness  from  10  to  16  feet.  In  the  writer's 
paper  on  the  "Haematite  Deposits  of  West  Cumberland," 
it  was  included  with  the  one  immediately  below  (now  the 
fourth  limestone),  from  which  it  is  divided  by  only  2  to  6  feet 
of  shale ;  but  as  this  shale  bed,  although  thin,  is  very  per- 
sistent, it  is  more  convenient,  as  well  as  more  correct,  to 
consider  the  limestones  between  which  it  lies  as  separate 
beds.  Between  the  third  and  second  limestones  there  is  from 
40  to  60  feet  of  rocks,  which  are  in  some  places  entirely 
sandstone,  at  others  they  are  all  shale,  but  more  frequently  it 
is  found  that  they  consist  of  sandstone  and  shale  together. 

Second  Limestone  also  consists  of  one  mass  of  limestone, 
and  varies  in  thickness  from  14  to  24  feet  Between  the 
second  and  first  limestones  sandstones  and  shale  intervene. 
They  vary  in  thickness  from  10  to  14  feet. 

Firsts  or  Top,  or  Langhorn  Limestone,  consists  of  one 
mass  of  limestone,  varying  in  thickness  from  30  to  60 
feet  Sometimes  the  upper  part  of  the  bed  (especially 
about  Winder)  is  silitified,  and  its  thickness,  as  shown  in 
journals  of  boreholes,  then  appears  to  be  less  than  it  really  is. 
As  a  rule,  the  first  limestone  is  thicker  about  Bigrigg  than  in 
the  Winder  locality;  but  on  the  other  hand,  the  third  lime- 
stone is  thicker  at  Winder  than  about  Bigrigg.  The  other 
beds  do  not  vary  much  in  the  two  localities.  The  greatest 
thickness  known  to  the  author  as  having  been  proved  at  one 
point  is  758  feet ;  this  was  at  Winder  Gill.  The  whole  seven 
beds  were  passed  through,  the  lowest  one  resting  upon  the 
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Skiddaw  slate,  except  for  the  thin  shales — the  equivalent  of 
the  lower  limestone  shale.  At  Bigrigg  the  thickness  has  been 
proved  to  be  about  620  feet. 

The  strata  separating  the  various  beds  of  limestone  follow 
no  regular  order  in  the  different  parts  of  the  district.  This 
is  illustrated  by  the  thick  mass  separating  the  third  and  fourth 
limestones.  About  Winder  this  bed  consists  mainly  of  dark 
shale.  At  Bigrigg  it  is  nearly  all  sandstone,  whilst  between 
these  two  places  it  is  made  up  of  both  shale  and  sandstone 
in  varying  proportions,  the  sandstone  becoming  thinner,  and 
the  shale  thicker,  as  Winder  is  approached. 

In  a  paper  on  the  Carboniferous  Rocks  of  Cumberland  and 
North  Lancashire,  or  Furness,1  the  author  has  correlated  these 
limestones  with  the  rocks  of  Alston  Moor  and  Furness  as 
under : — 
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Red  shales  and  limestones. 


Composition  of  the  Limestone 


Carbonate  of  lime 
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1  Transactions  of  North  of  England  Institute  of  Mining  and  Mechanical 
Engineers,  vol.  xxxiv. 
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As  already  stated,  haematite  occurs  very  abundantly  in  these 
rocks.  It  has  been  found  in  each  of  the  seven  beds,  and 
deposits  of  more  or  less  importance  have  been,  or  are  now 
being,  worked  in  them.  A  few  of  these  deposits  may  perhaps 
be  conveniently  mentioned  here. 

In  the  first  or  Langhorn  limestone  there  are  the  old 
Winder  Gill  deposit,  the  flat  ore  at  Agnes  pit,  the  Parkside 
and  Crossgill  deposit,  the  Crowgarth  deposit,  the  top  deposits 
at  Bigrigg,  part  of  the  Woodend  deposits,  and  the  upper  beds 
at  Pallaflat  and  Southam. 

In  the  second  limestone  there  are  the  second  deposits  at 
Bigrigg,  Pallaflat,  Southam,  and  Lord  Leconfield's  Bigrigg  pits. 

In  the  third  and  fourth  limestones  there  are  the  Wyndham 
pit  deposit  at  Bigrigg,  some  of  the  Woodend  deposits,  some  of 
the  Montreal  deposits,  the  ore  worked  by  the  Mowbray  Com- 
pany's No.  2  pit,  the  Salter  Hall,  Postlethwaite's  Eskett,  and 
Winder  Gill  deposit. 

In  the  fifth  limestone  there  are  Eskett  Park  No.  7  pit 
deposit,  and  the  upper  deposit  worked  by  the  Crossfield 
Company's  No.  3  pit. 

In  the  sixth  limestone  there  is  the  deposit  worked  by  the 
Eskett  Park  Nos.  5,  8,  and  9  pits,  and  the  upper  deposit 
worked  by  Postlethwaite's  Eskett  No.  3  pit 

In  the  seventh  or  bottom  limestone  there  are  the  lower 
deposit  worked  by  the  Crossfield  Company's  No.  3  pit,  the 
deposits  worked  by  the  Nos.  10  and  n  pits  of  Messrs.  Bain 
&  Company  at  Woodend,  lower  deposit  in  upside  of  fault  at 
Postlethwaite's  Eskett  pits,  and  the  ore  worked  by  Longlands, 
Ehen,  Gillfoot  Park,  and  Wyndham  Company's  pits. 

From  this  it  will  be  seen  that  there  is  a  very  wide  difference 
in  the  geological  level  of  the  deposits.  Owing,  however,  to  the 
tilted  position  of  the  limestone,  the  way  in  which  it  is  dis- 
located by  faults  and  the  extent  to  which  it  has  been  denuded, 
this  difference  in  geological  level  does  not  affect  their  absolute 
level,  as  many  of  the  deposits  in  the  lower  beds  are  quite  as 
near  the  surface  as  those  which  occur  in  the  higher  beds. 
For  instance,  at  Todholes,  the  ore  found  in  the  Bottom  lime- 
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stone  was  so  near  the  surface  as  to  be  worked  by  "  open  cast/' 
and,  as  will  hereafter  be  seen,  deposits  of  ore  are  not  unfre- 
quently  found  on  the  same  absolute  level  (but  on  opposite 
sides  of  a  fault)  which  are  in  totally  different  beds  of  limestone. 

Furness. 

The  details  of  the  carboniferous  rocks  in  Furness  are  as 
follow : — 

7.  Conglomerate.  This  rock  rests  on  the  Silurians,  but 
occupies  a  very  small  area  on  the  surface ;  it  consists  of 
rounded  fragments  of  older  rocks,  firmly  cemented  together 
in  such  a  way  that  it  has  the  appearance  of  a  hardened 
boulder  clay.  It  was  at  one  time  supposed  to  belong  to  the 
Devonians. 

2.  Shales  and  Limestones.    Overlying  the  conglomerate 

there  is  a  great  thickness  of  shale,  with  numerous  bands  of 
limestone.  The  latter  increase  in  thickness  toward  the  upper 
part  of  the  formation,  and  gradually  introduce  the  great  mass 
of  limestone  by  which  they  are  overlaid.  The  following  is  the 
journal  of  a  borehole  put  down  through  these  rocks  between 
Dunnerholm  and  Ireleth  : — 
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1  Local  name  for  Boulder  Clay. 
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These  shales  and  the  underlying  conglomerate  appear  to 
be  the  equivalent  of  the  red  shales  (sometimes  conglomeratic), 
which  occur  at  the  base  of  the  limestone  series  in  the  White- 
haven district. 

8.  Carboniferous  Limestone.  As  in  West  Cumberland,  so 
in  Furness,  this  is  the  most  important  formation  of  all,  so 
far  as  the  present  subject  is  concerned,  as  it  is  in  this  that  all 
the  haematite  deposits  occur.  It  consists  almost  entirely  of 
limestone,  there  being  only  a  few  thin  beds  of  shale,  which 
seldom  exceed  an  inch  or  two  in  thickness.  The  thickest  beds 
of  shale  occur  near  the  bottom  and  top,  that  is,  near  the  under- 
lying shales  just  noticed,  and  the  overlying  Yoredales  presently 
to  be  described.  The  total  thickness  of  the  formation  is  not 
known,  but  it  is  certainly  over  940  feet,  as  that  thickness  has 
been  pierced  by  a  borehole  at  Windhills  near  Stainton.  The 
following  is  a  journal  of  that  bore : — 
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There  being  no  beds  of  marked  lithological  character  in 
the  formation  it  is  impossible  to  arrive  at  the  thickness  by 
correlation.  The  same  difficulty  is  met  with  in  fixing  the  exact 
geological  level  of  many  of  the  haematite  deposits.  It  is  easy 
to  show  that  the  Askam  deposit  is  in  the  lower  beds  of  the 
formation,  and  that  the  Stank  and  Stainton  deposits  are  in  the 
upper  beds ;  but  it  is  not  possible  at  present  to  say  in  which 
beds  the  Lindal  Cote  deposit  is.  except  that  it  is  in  the  middle 
beds ;  but  whether  it  is  nearer  the  top  or  bottom  cannot  be 
said,  and  there  are  many  cases  of  this  kind  in  the  district. 
For  the  same  reason  it  is  equally  difficult  to  trace  in  these 
rocks  the  existence  of  faults.  It  is  sometimes  possible  to 
detect  them  in  the  mine,  but  the  amount  of  their  throw  cannot 
even  then  be  determined,  as  will  be  readily  understood. 

The  thick  limestones  and  the  Yoredales  correspond  re- 
spectively to  the  sixth  and  seventh  limestones,  and  the  first, 
second,  third,  fourth,  and  fifth  limestones  of  the  Whitehaven 
district. 

As  in  the  Whitehaven  district  so  here,  the  absolute  level  of 
a  deposit  is  altogether  independent  of  its  geological  level,  some 
deposits  in  the  bottom  beds  of  limestone  being  much  shallower 
or  nearer  the  surface  than  others  that  are  in  the  upper  beds  of 
limestone. 

The  dip  of  the  rocks  in  the  western  part  of  the  district  is 
to  the  west,  at  angles  varying  from  200  to  45°     In  the  eastern 
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part  of  the  district  the  general  dip  is  to  the  south-east,  at 
angles  of  50  to  150. 

In  searching  for  haematite  in  Furness  some  very  peculiar 
sections  are  occasionally  met  with.  That  given  below  may  be 
taken  as  an  example  : — 

Journal  of  Borehole  put  down  at  Crossgates. 
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The  wood  found  in  this  and  similar  sections  is  exogenous, 
and  belongs  to  recent  species,  which  proves  clearly  that  it,  at 
any  rate,  and  presumably  the  material  in  which  it  is  embedded, 
has  been  recently  introduced.  The  three  masses  of  clay  and 
black  mould  mixed  with  iron  ore  in  the  above  section  may 
therefore  be  taken  to  be  filled  "  loughs  n  or  caverns.  Many  of 
the  caverns  found  in  the  district  contain  a  large  quantity  of 
clay,  also  pieces  of  haematite  and  other  materials.  If  they  were 
filled  with  these  materials  a  section  of  them  would  not  be  very 
different  from  that  of  the  borehole  given  above. 

The  "  backs  "  or  vertical  joints  in  the  limestone  have  the 
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following  directions,  one  set  bearing  about  250  north-west 
and  south-east,  the  other  being  nearly  east  and  west ;  and  it 
is  worthy  of  mention  that  all  the  caverns  in  the  district  have 
one  or  other  of  these  directions  where  they  are  not  interfered 
with  by  faults.  The  large  cavern  which  was  discovered  at 
Stainton  about  eleven  years  ago  illustrates  this  observation 
very  well.  The  length  of  the  cave  is  about  230  yards,  and 
although  it  makes  numerous  turns  in  the  course  of  its  length, 
it  invariably  follows  one  or  other  of  the  two  sets  of  joints  in 
the  limestone,  as  is  easily  ascertained,  for  these  joints  can  be 
seen  quite  distinctly  in  the  roof  of  the  cavern. 

The  composition  of  the  limestone  is  variable,  sometimes 
being  very  silicious,  much  more  so  than  in  No.  3  analysis 
below.  Where  it  has  been  worked  for  fluxing  purposes  it  is 
very  pure,  as  shown  in  Analyses  Nos.  1  and  2. 
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The  specific  gravity  may  be  taken  to  be  about  272  on  an 
average. 

4.  Yoredale  Rocks.  Overlying  the  limestone  first  described, 
and  terminating  the  carboniferous  system  upwards  in  Furness, 
there  is  a  large  mass  of  dark-coloured  shales,  interbedded 
in  their  lower  part  with  one  or  two  beds  of  limestone,  and 
near  the  top  with  a  few  beds  of  sandstone.  These  rocks 
were  formerly  supposed  to  belong  to  the  coal-measures;  in 
fact,  a  few  years  ago  a  shaft  was  sunk  near  Stank  in  the  hope 
of  finding  coal.  This  shaft,  after  passing  through  about  ninety 
fathoms  of  rocks  belonging  to  the  Yoredales,  came  upon  a  very 
fine  deposit  of  haematite  in  the  carboniferous  limestone  below. 
The  greatest  thickness  of  Yoredale  rocks  yet  proved  was  near 
Gleaston,  where,  by  the  Diamond  boring  machine,  about  1,410 


72  THE  IRON  ORES  OF  GREAT  BRITAIN. 

feet  were  pierced,  after  passing  through  590  feet  of  Saint  Bees 
sandstone  and  shales,  and  65  feet  of  Magnesian  limestone. 
The  upper  part  of  the  Windhills  borehole  already  given  was  in 
these  rocks,  and  it  may  be  taken  as  a  fairly  representative  section 
of  them.  Near  Gleaston  there  is  a  small  patch  of  greenstone 
protruding  through  the  carboniferous  rocks.  What  was  pro- 
bably a  branch  from  it  was  passed  through  in  the  midst  of 
the  Yoredale  rocks  by  the  deep  borehole  just  alluded  to. 
The  deep  borehole  at  Rampside  also  pierced  a  similar  rock  in 
the  red  sandstone. 

In  Millom  the  series  has  the  same  form  of  development  as 
in  Furness,  but  the  Yoredales  are  wanting. 

As  previously  mentioned,  the  Author  considers  that  the 
first,  second,  third,  fourth,  and  fifth  limestones  of  the  White- 
haven district  are  the  equivalent  of  the  Yoredales  of  Furness. 

The  Millstone  Grit  Series  occurs  only  in  the  Whitehaven 
area  (see  Plate  I.).  It  consists  of  alternations  of  shales  and 
sandstones,  the  beds  of  which  are  very  variable  in  thickness, 
and  not  very  persistent  The  bottom  bed — that  resting  on 
the  first  limestone — is,  however,  an  exception,  as,  so  far  as  the 
writer  knows,  it  is  invariably  a  sandstone,  with  mostly  a'  thin 
parting  of  shale  between  it  and  the  limestone  below.  The 
average  thickness  of  the  grits  may  be  taken  at  about  155 
feet 

Very  little  haematite  occurs  in  these  rocks,  although  in 
places  it  has  been  worked  in  connection  with  the  deposits  in 
the  top  limestone.  From  these  latter  deposits  it  runs  in  thin 
strings  into  the  bottom  bed  of  sandstone  which  forms  the 
base  of  the  grits.  It  also  occurs  in  nodules  and  thin  beds  in 
the  shales.  The  writer  has  found  in  these  nodules  fossil  shells, 
converted  into  haematite.  The  ore  in  some  parts  also  contains 
a  large  proportion  of  lime,  in  fact,  it  is  mixed  with  limestone 
here  and  there,  which  changes  by  insensible  degrees  into  the 
are  adjoining  it. 

The  Coal  Measures  also  are  found  only  about  White- 
haven (Plate  I.).  They  are  divisible  into  two  parts,  which  are 
unconformable  to  one  another. 
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First,  the  lower  portion,  which  is  made  up  of  alternations 
of  sandstones  and  dark-coloured  shales,  amidst  which  occur 
numerous  bands  of  fire  clay,  coal,  and  clayband  ironstone. 
The  greatest  thickness  of  this  portion  of  the  coal-measures  is 
about  1,300  feet,  in  which  there  are  at  least  26  seams  of  coal. 
It  forms  by  far  the  largest  part  of  the  coal-measures,  and  may 
be  looked  upon  as  the  productive  part  of  the  Cumberland 
coal-field. 

Second,  the  upper  portion  of  the  series,  called  the  White- 
haven sandstone,  which  consists  of  alternations  of  reddish  and 
dark  shales,  and  purple,  grey,  and  white  sandstones.  In  the 
dark  shales  there  are  several  coal  seams.  The  sandstones 
usually  contain  a  number  of  plant-like  remains  and  clayey 
nodules,  both  of  which  are  highly  charged  with  peroxide  of 
iron.  In  the  beds  of  sandstone  near  the  base  of  the  formation 
grains  of  white  quartz  are  occasionally  found  as  large  as  a 
good-sized  pea,  which  are  in  some  cases  scattered  sparsely 
through  the  sandstone,  whilst  in  others  they  are  so  closely 
packed  as  to  give  it  the  appearance  of  a  breccia.  In  some 
places,  between  the  interstices  of  the  rock,  there  is  a  consider- 
able quantity  of  specular  iron  in  minute  scales.  In  the  same 
beds  nodules  of  compact  haematite  are  also  met  with. 

The  extent  of  the  unconformity  existing  between  the  two 
parts  of  the  group  may  be  judged  from  the  fact  that,  at  Croft 
Pit,  the  Whitehaven  sandstone  overlies  the  whole  of  the  lower 
coal-measures,  whilst  at  Rowrah,  eight  miles  off,  it  is  down 
upon  the  millstone  grit. 

In  this  group,  haematite  has  only  been  found  in  workable 
quantity  at  Millyeat,  in  the  Whitehaven  sandstone  series.  Its 
existence  in  those  rocks  has  a  very  important  bearing  on  much 
that  has  hereafter  to  be  said,  so  that  it  is  proposed  to  give  a 
section  to  show  the  succession  of  beds.  Unfortunately,  infor- 
mation of  this  sort  is  very  scarce  where  it  would  be  most 
desirable  to  have  it.  The  only  section  that  has  come  to  the 
Author's  knowledge,  obtained  at  one  point,  is  the  journal  of  a 
borehole  that  was  put  down  in  search  of  this  haematite,  between 
Millyeat  and  Weddiker.    It  is  as  follows  : — 
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Breccia.  This,  the  lowest  representative  of  the  Permians 
in  these  districts,  consists  of  fragments — some  angular,  others 
rounded — of  all  the  rocks  that  have  just  been  described.  As 
previously  shown,  it  is  unconformable  to  all  the  underlying 
formations.  Its  thickness  seems  to  increase  as  the  hills  are 
approached.  In  Demesne  Gill,  on  the  road  from  Whitehaven 
to  St.  Bees,  where  it  is  overlaid  by  the  magnesian  limestone, 
it  is  only  9  feet  thick,  whilst  at  Winder,  with  a  denuded  top, 
it  has  been  proved  to  be  400  feet. 

Haematite  occurs  in  this  formation  in  the  form  of  rounded 
and  angular  fragments  mixed  up  promiscuously  with  the  other 
rocks.  At  times  these  haematite  fragments  are  very  numerous, 
and  the  miners  then  call  the  formation  "iron  gravel,"  or 
"  gravel  ore."  It  has  in  one  or  two  cases  actually  been  worked 
for  the  iron  it  contains. 

Magnesian  Limestone  and  St.  Bees  Sandstone. 
Neither  of  these  formations,  so  far  as  can  be  seen,  has  any 
bearing  on  the  subject,  so  that  it  will  be  unnecessary  to 
describe  them. 

Superficial  Deposits.  The  chief  point  of  interest  pre- 
sented by  these  beds,  as  affecting  the  subject  under  considera- 
tion, is,  that  they  frequently  rest  directly  upon  the  deposits 
of  haematite.    They  also  contain  a  number  of  fragments  and 
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boulders  of  haematite  among  the  numerous  rocks  that  compose 
their  gravels  and  boulder  clays,  some  of  which  fragments  are 
polished  and  striated.  Their  thickness  in  some  places  in  the 
Whitehaven  area  exceeds  140  feet,  but  in  Furness  they  have 
been  proved  as  much  as  537  feet.  Associated  with  this  for- 
mation in  Furness  is  a  curious  brecciated  limestone  locally 
known  as  "  Crab-rock,"  and  which  was  supposed  by  Murchison 
and  Harkness  to  belong  to  the  Permians,  and  to  be  the 
equivalent  of  the  Eden  Valley  "  Bockram." 

Before  closing  this  notice  it  may  be  profitable  to  glance 
for  a  few  moments  at  some  of  the  more  salient  points  in  the 
geological  history  of  these  districts.  It  will  be  seen,  first  of 
all,  that,  after  the  long  period  of  deposition  in  which  the  vast 
mass  of  Silurians  was  thrown  down,  there  succeeded  a  period 
of  upheaval  and  severe  denudation,  in  which  those  rocks  were 
much  dislocated  and  inclined,  and  a  great  part  of  them  removed. 
Then  came  a  submergence,  and  the  putting  on  of  the  carboni- 
ferous rocks  over  the  edges  of  the  tilted  and  eroded  Silurians. 
Layer  after  layer  of  these  rocks  were  deposited  until  the  huge 
pile  included  the  limestone,  the  grits,  and  the  productive  coal- 
measures. 

A  second  period  of  elevation  and  denudation  then  set  in, 
and  the  newly  formed  carboniferous  strata  were  fractured, 
uplifted,  and  inclined.  At  once  meteoric  and  other  kindred 
agencies  commenced  on  them  their  work  of  destruction, 
which  was  continued,  without  interruption,  until  the  quickly 
disappearing  rocks  were  again  submerged.  The  Whitehaven 
Sandstone  was  then  spread  out  over  their  eroded  edges,  and 
the  long-continued  carboniferous  era  thus  brought  to  a  close. 
In  a  short  time  another  upward  movement  was  effected,  this 
sandstone  was  eroded,  and  after  a  time  sunk  into  the  Permian 
Sea,  where  it  was  unconformably  covered  by  the  Permians. 
Another  rise  then  took  place,  the  rocks  reared  their  heads 
from  out  of  the  "  irony  waters,"  and  there  they  stood  •  thence 
onward  to  "the  great  ice  age,"  subjecting  themselves  to  a 
continuous  attack  of  those  meteoric  forces,  by  which  they  have 
been  slowly  moulded  to  their  present  form. 
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POSITION,   FORM,  AND  INNER  NATURE  OF  THE 

ORE  DEPOSITS, 

Deposits  in  the  Eskdale  Granite  and  Ennerdale 
Syenite.  These  are  somewhat  numerous,  but  so  far  as 
proved  not  of  any  great  importance  commercially.  The 
principal  deposits  hitherto  worked  are  in  the  granite.  One  of 
these  is  near  Boot,  in  Eskdale.  Another,  but  much  smaller,  de- 
posit was  worked  near  the  "  King  of  Prussia,"  in  the  same 
valley.  Several  similar  veins  have  also  been  worked  in  a  small 
way  in  the  syenite  of  Ennerdale,  notably  at  Crag  Fell.  They 
are  all  very  much  alike,  both  in  form  and  inner  nature,  so 
that  Nab  Ghyll  vein  at  Boot,  which  has  been  most  worked, 
may  be  taken  as  typical.  The  form  of  this  deposit  is  that 
of  a  vein.  Its  direction  is  nearly  north  and  south,  and  it 
"hades  "  to  the  east  at  angles  varying  from  650  to  8o°  with  the 
horizon. 

In  that  part  of  it  which,  so  far  as  is  known,  is  most  fully 
developed,  its  existence  is  indicated  on  the  surface  by  a  small 
ravine,  known  as  Nab  Ghyll,  which  runs  down  the  southern 
side  of  the  mountain  that  lies  between  Eskdale  and  the 
upper  part  of  Miterdale.  The  ore  is  worked  by  levels  driven 
into  the  hill  at  various  heights.  It  is  not  continuous  through- 
out the  vein,  but,  as  in  most  mineral  veins,  occurs  in  lenticular 
forms  called  "bunches"  or  "bellies."  These  bunches  are 
usually  thickest  near  their  centre,  whence  they  thin  off,  or  as 
the  miners  express  it  "  nip  out,"  gradually  towards  the  edges. 
Between  the  bunches  there  is  invariably  a  "  leader,"  marking  the 
vein,  but  it  contains  very  little  ore ;  sometimes,  in  fact,  none  at 
all,  being  merely  a  strong  joint.  The  length  of  vein  that  has 
been  worked  up  to  the  present  time  is  about  200  fathoms, 
and  the  depth  to  which  the  ore  has  been  found  to  extend 
below  the  surface  is  about  50  fathoms.  The  greatest  width 
of  the  vein  has  been  about  20  feet,  including  1 1  feet  of  "  horse  " 
or  "rider."  This  was  near  the  surface.  Further  down  it 
is  much   narrower,  and  appears  to  die  out  altogether    at  a 
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depth  of  50  fathoms.  It  is,  in  fact,  a  "  gash "  vein.  A 
section  of  it  at  the  surface,  as  seen  in  No.  1  Quarry,  is 
shown  in  Fig.  1. 

It  will  be  observed  that  the  vein,  at  this  point,  consists  of 
four  distinct  lob  of  ore,  separated  from  one  another  by  three 
ribs  of  "  horse  "  or  "  rider."  The  "  hade  "  of  the  ore,  as  well 
as  its  "direction"  horizontally,  agrees  exactly  with  that  of 
the  large  joints  (d)  intersecting  the  granite.  These  joints  are 
very  strong  and  persistent,  and  give  the  granite  at  a  distance 
the  appearance  of  bedded  rocks  standing  on  end.    The  beau- 


— Section  or  Nab  Ghvll  V«in.    (Sole  31  feet  tc 


tiful  ravine,  on  the  opposite  side  of  the  valley,  called  Stanley 
Ghyll,  seems  to  have  been  cut  out  along  these  joints.  Fre- 
quently, from  the  main  line  of  ore,  small  strings  of  it  are 
found  branching  out  into  the  granite  along  some  of  the  minor 
joints  by  which  this,  in  common  with  other  granites,  is  also 
intersected.  If  two  of  these  strings  cross  one  another  a  small 
bunch  is  formed. 

Near  the  surface  the  "  cheeks  "  of  the  vein  are  very  much 
decomposed,  being  most  so  adjoining  the  ore,  whence  the 
granite  becomes  harder  and  harder,  until  at  a  distance  of  a 
foot  or  two  from  the  vein  it  assumes  its  normal  condition. 
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The  same  thing  occurs  in  the  lower  parts  of  the  vein,  only 
the  amount  of  decomposition  and  the  distance  to  which  it 
extends  into  the  cheek  becomes  less  and  less  in  depth.  It  is 
also  observable  that  the  cheeks  are  more  decomposed  where 
the  vein  contains  ore  than  where  it  is  barren. 

Those  parts  of  the  vein  marked  c  in  Fig.  i  are  not  solid 
masses  of  haematite,  but  a  mixture  of  red  earthy-looking  ore, 
hard  fibrous  kidney  of  purplish  tint,  black  oxide  of  manganese, 
reddish  clay,  grains  of  quartz,  similar  to  those  in  the  granite, 
and  pieces  of  more  or  less  decomposed  granite.  Generally 
these  various  materials  are  arranged  in  broken  lines  parallel 
to  the  sides  of  the  lode,  as  shown  at  c."  Some  of  the  more 
earthy-looking  ore  contains  pieces  of  decomposed  felspar,  and 
it  is  sometimes  possible  to  obtain  a  piece  from  the  vein  showing, 
on  the  one  hand,  hard  pure  kidney,  and  on  the  other  granite 
very  little  altered — that  is  to  say,  there  seems  to  be,  in  such 
a  case,  a  gradual  transition  from  granite  to  pure  haematite. 
Some  pieces  of  ore  have  been  obtained  from  this  mine  having 
the  appearance  of  li  ring-ore."  They  are  usually  less  than  an 
inch  in  diameter,  and  in  cross  section  present  a  number  of 
concentric  rings  somewhat  like  the  annual  layers  of  an  exo- 
genous tree.  Down  the  centre  there  is  frequently  a  hole,  as 
if  the  substance  around  which  they  seem  to  have  been  formed 
had  disappeared. 

Sometimes  the  ore  is  stalactitic,  occurring  then  in  cavities, 
and  occasionally  a  piece  of  ore  is  met  with  united  to  dolomite 
in  such  a  way  that  the  two  seem  "grown  together."  The 
occurrence  of  dolomite  in  some  of  the  veins  in  Eskdale  is  very 
common,  and  the  author  is  of  opinion  that  it  has  a  most 
important  bearing  on  the  origin  of  these  deposits. 

The  chemical  composition  of  the  ore  from  these  veins  is 
partly  represented  by  the  following  analyses  of  ore  from  Nab 
Ghyll  vein : — 

No.  x.  No.  a. 
Dried  at  2xa°  Fahr. 

Ferric  oxide          27*43  92*57 

Manganous  oxide '03  02 

Silica          2*15  2*05 
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No.  1.  No.  a. 

Dried  at  aia°  Fahr. 

...      6lO  -88 


Alumina     

Lime  ...        ... 

Magnesia    ... 

Phosphoric  acid     ... 

Sulphuric  acid 

Carbonic  acid  and  water  ...    32*00  370 


23*18  -50 

9x34  -08 

■04  t>3 

•02  t)i 


99*99  99"«4 


Metallic  iron         19*20  64*80 

No.  1  is  much  worse,  and  No.  2  better,  than  the  average. 
No.  1  clearly  contains  a  considerable  proportion  of  dolomite. 

Deposits  in  the  Skiddaw  Slate.  At  one  place  only 
has  haematite  been  worked  successfully  in  these  rocks;  that 
is  at  Kelton  Fell  and  Knockmurton,  two  adjoining  properties 
on  one  of  the  hills  near  Ennerdale  Lake,  in  the  north-east 
part  of  the  district.  The  ore  there  occurs  in  the  forms  of 
veins  as  at  Eskdale,  but  in  two  sets,  one  running  about  370 
north-west  and  south-east,  and  the  other  about  150  north- 
east and  south-west.  Seven  separate  principal  veins  have 
been  more  or  less  worked,  five  of  which  have  the  former 
direction  and  two  the  latter.  They  all  "hade"  towards  the 
east  at  angles  varying  from  45°  to  8o°  with  the  horizon.  The 
greatest  length  that  has  been  worked  on  any  of  them  is  about 
240  fathoms,  and  the  greatest  depth  56  fathoms. 

The  ore  is  not  continuous,  but  occurs  in  irregular  detached 
lenticular  masses  or  "  bunches,'1  as  at  Eskdale.  These  masses 
are  thickest  near  their  centre,  having  been  known  at  Kelton 
No.  1  vein  to  be  as  much  as  23  feet,  but  in  this  there  was 
about  9  or  10  feet  of  "  rider."  Usually  they  vary  from  2  to 
10  feet,  and  thin  off  gradually  from  the  centre  to  their 
extremities.  Exceptions  to  this  are  occasionally  met  with,  „ 
and  the  ore  terminates  very  abruptly,  as  shown  in  Fig.  2, 
which  is  a  vertical  section  through  the  lower  part  of  one  of 
these  bunches  in  No.  1  vein,  Knockmurton.  Some  of  the 
bunches  are  over  50  fathoms  in  length.  Between  them  the 
vein  is  nearly  barren,  sometimes,  in  fact,  quite  so,  there  being 
only  a  strong  joint  or  two  to  mark  its  existence. 
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It  has  been  seen  that  at  Eskdale  the  vein  is  widest  at  the 
surface,  becoming  gradually  narrower  as  it  goes  further  down. 
Here  it  is  so,  too,  in  some  cases,  but  in  others  the  greatest 
width  of  the  veins  appears  to  be  at  some  fathoms  below  the 
surface. 

From  what  has  been  previously  said  respecting  the  joints 
traversing  the  Skiddaw  slates,  and  more  recently  as  to  the 


i  Vein,  Knock*  ukton.    (Scale  8 
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bearing  of  these  veins,  it  appears  that  the  two  are  exactly 
parallel  both  in  direction  and  "hade."  In  the  mine  this 
may  be  often  very  well  observed  directly,  especially  where 
there  is  a  narrow  string  of  ore  occurring  interruptedly,  for  it 
can  then  be  seen  most  distinctly  that  the  ore  actually  occurs 
in  these  joints,  which  by  some  means  have  been  enlarged. 
This  correspondence  may  also  be  seen  in  any  of  the  small 
strings  which  branch  out  from  the  sides  of  the  main  veins.    It 
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was  previously  stated  that  one  or  other  of  the  two  sets  of  joints 
sometimes  coincides  with  the  dip  and  strike  of  the  strata. 
When  that  is  so,  and  ore  occurs  along  the  joints,  the  deposit 
has  a  bed-like  form,  being,  in  fact,  a  "  bedded  vein." 

At  and  near  the  surface  the  "  cheeks  "  of  the  vein  are  very 
much  altered  from  the  normal  condition  of  such  rocks,  being 
softer  and  more  broken  up;  but  as  they  get  deeper  they 
become  harder  and  less  altered.  They  are,  moreover,  less 
changed  in  those  parts  of  the  vein  which  are  barren  than  in  the 
productive  parts. 

The  ore  is,  as  a  rule,  much  less  mixed  with  extraneous 
matter  than  that  of  the  veins  in  the  granite.  Like  them, 
however,  everything,  be  it  ore  or  not,  is  arranged  in  lines 
parallel  to  the  "  cheeks."  Usually  a  layer  of  hard  kidney-ore 
is  found  running  along  both  cheeks  in  concretions  about  an 
inch  or  two  thick,  the  central  part  of  the  vein  being  filled  with 
softer  ore.  Along  the  cheeks  of  some  of  the  narrower  veins, 
and  near  the  surface,  "combed*'  white  quartz  is  met  with. 
Some  of  the  ore,  in  the  centre  of  the  veins,  is  broken  kidney, 
which  is  quite  tender,  and  lies  in  the  most  confused  manner 
among  ore  of  an  earthy  nature.  Pieces  of  broken  kidney-ore 
are  also  met  with  embedded  in  "brown  spar."  It  appears 
then  to  occupy  what  was  originally  a  "  lough." 

Most  of  the  kidney  ore  on  the  "  cheeks  "  has  the  convex 
side  of  the  concretions  turned  towards  the  vein,  but  sometimes 
it  is  set  in  the  opposite  direction  and  faces  the  "cheek," 
seeming  then  as  if  the  different  layers  had  been  put  on  from 
the  centre  outwards.  In  some  of  the  wider  veins  layers  of  hard 
massive  ore  occur.  They  are  parallel  to  the  "cheeks,"  and 
in  some  cases  three  or  four  feet  wide,  the  remainder  of  the 
vein  being  soft  ore,  as  above  described.  "  Loughs  "  are  fre- 
quently met  with  in  the  ore.  The  sides  of  these  loughs  are 
composed  of  kidney-ore,  and  they  often  contain  a  quantity  of 
minute  crystals  of  quartz,  some  of  which  are  coloured  red 
by  peroxide  of  iron.  Here,  too,  as  at  Eskdale,  some  of  the 
ore  assumes  the  ring  form,  in  other  parts  it  is  quite  soft  and 
micaceous. 

6 
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One  other  feature  of  these  veins  remains  to  be  noticed,  and 
that  is  the  occurrence  in  them  of  ribs  of  "  rider  "  and  small 
pieces  of  slate.  The  "  rider  "  or  "  riders  "  (for  sometimes  there 
are  more  than  one)  are  of  the  country  rock,  much  decomposed, 
and  have  the  same  "  hade  "  as  the  vein.  The  small  pieces 
of  slate  lie  scattered  here  and  there  through  the  ore.  Some 
of  them  are  very  much  decomposed,  others  are  so  deeply 
impregnated  with  peroxide  of  iron  as  to  be  almost  indis- 
tinguishable from  the  more  earthy  ore  in  which  they  lie, 
whilst  some  appear  to  be  very  little  altered.  The  way  in  which 
the  smallest  of  these  fragments  are  occasionally  embedded  in  the 
ore  give  it,  at  a  distance,  the  appearance  of  a  porphyritic  rock. 

The  tender  nature  of  the  "  cheeks "  renders  it  somewhat 
difficult  to  keep  the  ore  clean,  otherwise  it  is  of  excellent 
quality,  as  shown  by  the  following  analysis : — 

Peroxide  of  iron         8921 

Siliceous  matter         7*07 

Water  and  carbonic  acid      2*53 

Lime,  alumina,  etc 119 

Total        ...        ...        ...        ...        ...        ...       100*00 


Metallic  iron 62*45 

This  was,  in  all  probability,  a  picked  specimen  free  from 
mechanical  impurities.  The  following  are  nearer  the  average 
composition,  although  No.  2  is  rather  low  in  iron  and  high  in 


etc. 

No.  1. 

No.  2. 

Dried  at  aia°  Fahr. 

Ferric  oxide 

•  •  « 

•  •  • 

8o*22 

•  •  • 

6914 

Manganous  oxide ... 

•  •  « 

9  •  • 

•04 

•  *  • 

06 

Silica          

•  ■  • 

•  •  • 

1310 

•  •  • 

1844 

Alumina     

•  •  • 

•  •  • 

3'86 

•  •  • 

6*08 

Lime           ...         ... 

•  •  • 

•  •» 

1*64 

•  ■  • 

•88 

Magnesia 

•  •  • 

■  •  • 

03 

•  •  • 

— 

Phosphoric  acid    ... 

•  ■  • 

•  •  • 

03 

•  •  • 

•05 

Sulphur      

•  ■  • 

•  •  • 

traces 

•  •  • 

•03 

Carbonic  acid  and  watei 

• 

•  •• 

•  •• 

•  •  • 
■  • 

1*20 

•  •  • 

•  •  • 

•  •  • 

520 

Total   ... 

IOO'I2 

9988 

Metallic  iron 

5°-i5 

48*40 
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The  raw  ore  contains — 

No.  1. 
Moisture         ...        ...        ...        ...        ...        ...  3*77 

Metallic  iron 54*03 

Deposits  in  the  Coniston  Limestone.  In  this  forma- 
tion also  haematite  has  been  found  only  at  one  place,  in  such 
quantity  as  to  induce  any  one  to  work  it — that  is,  at  Water 
Blean,  near  Millom,  in  the  southern  part  of  the  district.  Much 
of  the  ore  obtained  from  this  place  has  been  used  as  a  pigment, 
owing  to  its  high  red  colour ;  but  a  considerable  quantity  of  it 
has  also  been  converted  into  iron.  The  principal  part  of  this 
paint-ore  was  obtained  from  a  cavity  in  the  limestone  im- 
mediately below  the  boulder  drift  This  is  shown  in  Figs.  3,  4, 
5,  and  6.  That  part  of  the  cavity  which  is  bounded  by  a  full 
line  was  merely  a  dish-like  hollow  in  the  limestone,  so  that  the 
ore  was  lying  just  under  the  boulder  drift.  The  part  shown  in 
dotted  lines  had  a  cavernous  form,  and  between  the  overlying 
drift  and  the  ore  there  was  a  roof  of  limestone.  This  will  be 
further  explained  by  reference  to  the  sections  which  are  taken 
along  the  lines  A  B  (Fig.  4)  and  C  D  (Fig.  5)  respectively.  It 
will  be  noticed  that  some  portions  of  the  cavity  have  a  north- 
west and  south-east  direction,  whilst  others  have  a  north-east 
and  south-west  course.  These  two  directions  it  will  be  further 
noticed  correspond  with  the  two  sets  of  joints  a*  and  a"  (Fig.  3), 
by  which  the  limestone  is  intersected.  Their  average  bearing 
may  be  taken  at  500  north-west  and  south-east,  and  400  north- 
east and  south-west. 

Besides  the  ore  obtained  from  these  cavities,  one  or  two 
short  vein-like  deposits  have  been  worked  which  extend  to  a 
much  greater  depth.  The  greatest  length  yet  proved  on  any 
of  these  is  17  fathoms,  at  one  part  of  which  the  ore  has 
been  worked  from  the  surface  to  a  depth  of  13  fathoms  with- 
out reaching  the  bottom.  As  in  the  veins  in  the  granite 
and  Skiddaw  slate,  the  ore  here  is  not  continuous,  but  occurs 
in  short  "bellies"  somewhat  like  "pipes"  or  "chimneys." 
The  greatest  width  yet  met  with  in  these  deeper  deposits 
has  been  about  14  feet.    This  was  at  the  surface;  13  fathoms 
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below,  the  width  was  only  6  feet.     Between  the  "  bellies " 
of  ore  in  the  deposit  that  has  been  most  worked,  the  only 


Fig.  3. 


Fig.  6. 


Figs.  3-6. — Plan  and  Sections  of  Water-Blean  Deposits. 

(Scale  60  Feet  to  an  Inch.) 

References— ct  a"  Direction  of  Joints  intersecting  the  Limestone.      /  Limestone. 
m  Cavity  from  which  Ore  has  been  removed. 

indication  of  a  vein  is  a  strongly  marked  joint  which  forms 
a  continuation  of  the  lying  "  cheek "  of  the  "  bellies."  The 
"  nipping  out "  of  the  ore,  and  the  consequent  formation  of 
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bellies,  results  from  a  closing  in  of  the  hanging  side  upon  this 
joint,  which  maintains  an  undeviating  course.  The  direction 
of  these  vein-like  deposts  is  the  same  as  that  of  the  joints, 
which  bear  500  north-west  and  south-east.  The  "hade"  is 
likewise  the  same  in  both,  being  to  the  north-east. 

The  ore  is  not  much  mixed  with  the  "  country  "  rock  or  any 
other  foreign  substance.  That  from  the  vein-like  deposits, 
especially  in  the  deeper  parts  and  against  the  hanging  side, 
is  generally  very  hard  and  of  a  bluish  iron-grey,  often  peculiarly 
marked  by  dark  glistening  spots.  The  ore  adjoining  the  lying 
"cheek"  and  in  the  top  parts  generally  of  the  vein-like 
deposits,  as  well  as  in  the  shallow  deposit  shown  in  Figs.  3,  4, 
5,  and  6,  is  quite  different,  being  much  softer  and  of  a  reddish 
colour.  This  is  what  is  used  for  paint  ore.  The  composition 
of  the  harder  ore  is  as  follows : — 

Peroxide  of  iron  6531 

Protoxide  do.     ...        ...        ...        ...        ...        ...      7*60 

OulCft  ■•■  •••  ••■  •■•  •••  •••  •  •  •  m  W 

Alumina  ...        ...        ...        ...        ...      7*93 

l#UuC  •••  •••  •••  •••  •••  •••  •  •  •  m  "VX 

Moisture  ...        ...        ...        ...        ...        ...        ...      2*28 

Carbonic  acid      ...      7*3° 


Total  ...        ...        ...        ...        ...        ...  100*00 


Metallic  iron       51*63 

The  specific  gravity  of  the  softer  ore  is  about  3*95. 

When  the  ore  comes  in  contact  with  the  limestone  there  is 
sometimes  a  well-defined  line  of  junction  in  the  form  of  a 
joint,  on  one  side  of  which  there  is  limestone,  and  on  the 
other  ore.  This  is  so  on  the  lying  side  of  the  vein-like 
deposits  above  described,  and  at  /  and  /."  In  other  cases  the 
ore  and  stone  seem  "grown  together"  and  are  inseparable, 
there  being  a  regular  gradation  from  one  to  the  other. 

In  the  softer  ore  some  very  curious  structures  occur,  which 
have  been  supposed  by  some  writers  to  be  fossil  plants.  Mr. 
E.  W.  Binney,  in  a  paper  read  before  the  Manchester  Literary 
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and  Philosophical  Society  in  1867,  "On  the  Age  of  the 
Haematite  Iron  Deposits  of  Furness,"  speaks  of  having  seen, 
in  the  possession  of  Miss  Hodgson  of  Ulverston,  remains  of 
Lepidodendra  and  Stigmaria  which  were  found  in  this  deposit. 
Miss  Hodgson,  in  a  paper  "  On  the  Water  Blean  Iron  Ore," 
published  in  the  Geological  Magazine,  March  1870 — prefac- 
ing her  remarks  by  the  statement  that  her  information  was 
received  from  the  manager  of  the  mines — says,  that "  in  the  early 
part  of  the  year  1866  a  large  tree  trunk  was  met  with  standing 
erect.  It  was  from  twelve  to  fifteen  feet  high,  and  from 
twenty  to  twenty-four  inches  in  diameter  at  the  base.  As  the 
miners  came  upon  the  tree  at  two  levels"  (Miss  Hodgson 
continues)  "  I  was  anxious  to  learn  whether  any  bark-markings 
had  presented  themselves;  but  while  it  was  admitted  that, 
roughly,  there  might  have  been  been  some  resemblance  to 
certain  bark  structures,  yet  it  must  mainly  be  described  as 
having  had  a  coarse  sparry  crust  with  vertical  pipes  running 
through  it.  .  .  . 

"  The  above  tree-like  form  was  not  the  whole  of  the  dis- 
covery ;  imbedded  likewise  in  the  ironstone  and  occurring,  for 
the  most  part,  near  the  walls  of  the  place,  and  low  down, 
were  numerous  twig-like  remains.  These  are  of  a  harder 
nature  than  the  trunk  mass — they  are  in  better  preservation — 
and  in  some  specimens  exhibit  beautiful  minute  striation, 
with  what  seem  to  be  little  scars  arranged  in  a  uniform 
pattern." 

The  writer  has  in  his  possession  a  specimen  of  the  tree 
trunk,  and  also  a  number  of  the  twig-like  remains,  which  he 
has  examined  very  carefully.  They  are  not  all  of  the  same 
shape,  some  of  them  having  a  crescent  form  in  section,  whilst 
others  are  approximately  triangular  or  nearly  round.  So  far 
as  he  is  able  to  judge,  these  so-called  fossil  plants  are 
nothing  more  than  concentric  pipes  of  kidney  ore,  between 
the  successive  layers  of  which  there  is  a  thin  ring  formed  by 
crystals  of  caicite ;  in  fact,  they  seem  to  be  but  a  particular 
case  of  "ring  ore"  structure,  the  so-called  tree  trunk  being 
formed  by  a  mass  of  these  small  structures  in  contact.    The 
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outermost  ring  is  frequently  marked  by  irregular  flutings,  but 
these  markings  may  also  be  found  in  other  parts  of  the  ore 
apart  from  the  twig-like  remains.  The  specimens  in  the 
possession  of  the  writer  do  not,  so  far  as  he  has  seen,  exhibit 
"  the  uniform  pattern  "  alluded  to  by  Miss  Hodgson,  and  the 
only  approach  to  it  is  the  interior  and  exterior  faces  of  the 
minute  mammillations  of  the  rings  of  kidney  ore.  At  first  sight, 
these  certainly  do  present  some  resemblance  to  the  markings 
of  Ltpidodendra  and  Stigmaria,  but  whether  they  are  the 
characters  upon  whch  Mr.  Binney  based  his  generic  deter- 
minations cannot  be  said. 

Laminated  barite,  crystals  of  quartz,  and  "  black  muck," 
— which  consists  of  varying  proportions  of  silicious  and 
aluminous  materials,  and  of  the  oxide  of  iron  and  peroxide  of 
manganese — are  sometimes  associated  with  the  ore  of  these 
deposits. 

Deposits  in  the  Carboniferous  Limestone.  These 
are  the  most  important  deposits  in  the  district.  They  are 
both  large  and  numerous,  very  varied  in  form,  and  present  a 
number  of  interesting  features,  which  are  not  met  with  in  any 
of  the  deposits  previously  described.  As  already  stated,  they 
occur  in  all  the  main  beds  of  limestone.  In  the  Whitehaven 
district  they  are  most  numerous  in  the  Langhorn,  Clints  and 
bottom  beds,  in  one  or  other  of  which  all  the  largest  deposits 
in  the  district  are  found.  Their  form  is  variable,  being  some- 
times bed-like,  sometimes  vein-like,  at  others  filling  dish-like 
hollows  in  the  limestone,  immediately  below  the  drift,  whilst 
not  unfrequently — but  chiefly  in  the  Clints  limestone — they 
have  a  most  irregular  shape,  and  are  at  some  depth  in  the 
limestone,  by  which,  and  its  associated  rocks,  they  are  in  most 
cases  entirely  surrounded.  The  bed-like  deposits  are  peculiar 
to  the  Whitehaven  district.  So  far  as  the  Author  is  aware, 
there  is  not  a  single  deposit  of  this  description  in  Furness, 
unless  the  small "  flats "  from  the  Lindal  Moor  and  Stank 
veins  be  considered  such. 

This  absence  of  "  bed-like  "  deposits  in  Furness  is  curious, 
and  evidently  arises  from  the  fact  that  the  limestone  occurs 
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almost  in  one  solid  mass,  and  is  not  separated  by  intervening 
layers  of  sandstone  and  shale  into  beds,  as  at  Whitehaven. 
The  rocks  in  Furness  forming  the  carboniferous  limestone 
series  being  everywhere  of  the  same  character,  there  is  nothing 
which  could  induce  a  bed-like  form  of  deposit 

The  Bed-like  Deposits  occur  mostly  in  the  first,  second, 
and  bottom  limestones  of  the  Whitehaven  district ;  in  fact,  the 
deposits  in  those  beds  assume  this  form  exclusively ;  but  the 
bed-like  form  is  not  confined  to  these  horizons,  for  it  is  also 
met  with  in  the  third,  fourth,  fifth,  and  sixth  beds  of  limestone. 
As  already  stated,  the  first  limestone  is  overlaid  by  the  millstone- 
grit  series,  the  lowest  bed  of  which  is  of  an  arenaceous  nature. 


Fig.  7. — Section  of  Pahkside  Deposit.     (Scale  405  Feet  tc 


Under  the  limestone  is  a  thin  sandstone  bed,  usually  called 
whirlstone,  and  then  a  bed  of  shale.  In  the  Bigrigg  locality 
these  two  beds  are  known  as  the  "  little  whirlstone  "  and  the 
"little  sill "  respectively.  It  is  seldom  that  the  ore  occupies 
the  whole  thickness  of  the  first  limestone,  being  mostly 
confined  either  to  the  top  or  bottom  of  it.  At  Frizington  and 
Winder  Gill  it  occurs  mainly  in  the  top,  as  shown  in  Fig.  7,  which 
is  a  vertical  section  of  part  of  the  large  deposit  worked  by 
the  Parkside,  Crossgill,  and  (part  of)  the  Highhouse  mines. 
The  "roof"  of  the  ore  is  the  bottom  bed  of  the  grit  series, 
which  has  the  same  regular  dip  as  the  rest  of  the  strata.  The 
"  sole"  is  partly  sandstone ;  the  greater  portion  of  it,  looking 
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at  the  section,  might  be  expected  to  be  limestone,  but  it  is  not, 
being  mostly  silica,  and  called  by  the  miners  <c  whirlstone."    A 
very  remarkable  feature  of  the  limestone  of  this  district,  and  one 
which  seems  scarcely  ever  to  have  been  noticed,  is  that  any  bed 
of  it  at  one  place  may  be  a  pure  limestone,  whilst  at  another 
and  not  far  distant  place  the  same  bed  may  be  the  hardest 
whirlstone.1    A  recognition  of  this  fact  removes  one  of  the 
greatest  difficulties  there  is  in  the  way  of  correlating  the  various 
sections  that  have  been  obtained  in  the  different  parts  of  the 
district.     But  to  revert  to  Fig.  7.     Unlike  the  roof,  the  "  sole  " 
is  generally  very  uneven,  being,  in  places,  like  a  number  of 
waves.    These  waves  the  miners  call  "  rolls."    Some  of  them 
are  of  great  length,  and  they  all  run  about  north  and  south ; 
the  ends  of  them  only  are  seen  in  Fig.  7,  as  the  plane  on  which 
the  section  is  taken  cuts  them  at  right  angles.    On  the  top 
of  the  "  rolls  "  the  ore  is  thinnest,  being  sometimes  only  a  few 
inches,  at  others  it  is  as  much  as  twenty  feet.     In  the  hollows 
between  the  "  rolls "  the  ore  is  of  course  thickest,  being  fully 
forty  feet    in  some  places.    The  sole  has   not  this   waved 
appearance  everywhere;  for  when  the  ore  occupies  the  full 
thickness  of  the  limestone  bed  it  runs  parallel  to  the  roof. 
Sometimes  the  ore  is  seen  to  run  up  into  the  grit  roof  in 
narrow  strings,  from  an  inch  or  two  to  a  foot  or  more  wide, 
and  sometimes  it  extends  from  these  strings  for  a  little  way 
along  the  bed  joints.     All  the  strings  have  a  north  and  south 
direction.     The  length  of  the  deposit  on  a  north  and  south  line 
is  about  450  yards,  and  its  breadth  from  east  to  west  is  about  370 
yards.     Its  area  is  about  34  acres,  so  far  as  worked,  being  larger 
in  superficial  extent  than  any  other  deposit  in  the  district.     It 
has  also  yielded  the  largest  quantity  of  ore.     Its  direction  is 
nearly  north  and  south.    The  tongues  of  ore  extending  from  the 
north  end  of  the  main  body  have  also  this  direction,  which  is 
the  same  as  that  of  the  "  rolls  "  in  the  floor  and  the  "  strings  " 
in  the  roof,  the  whole  of  them  being  parallel  to  the  north  and 

1  This  word  is  very  loosely  used  in  the  district,  being  applied  some- 
times to  hard  sandstone,  at  others  to  grits,  or,  as  above,  to  the  sttkious 
portion  of  the  limestones. 
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south  joints  intersecting  the  limestone.  As  shown  in  the 
section,  the  ore  dips  to  the  west,  and  on  its  eastern  side 
occurs  just  below  the  drift,  but  further  westward,  that  is,  to 
the  dip,  the  grits  are  over  it ;  and  by  the  time  the  western  side 
of  the  deposit  is  reached  it  is  overlaid  by  about  sixty  fathoms 
of  these  rocks. 

At  Bigrigg  the  ore  is  found  in  the  first  limestone,  at  the 
bottom  of  the  post,  as  shown  in  Fig.  8,  which  is  a  cross  section 
of  part  of  the  large  deposit  worked  by  the  Fletcher  pit,  Sir 


Fig.  8. — Section    or    Fletcher-Pit    Deposits.      (Scale    32   Fathoms 
to  an  Inch.) 

Rejsrtncti-a  Boulder  Clay,     b  Shale  (Permian).     «'  MillMone  Grit,  A"  Little  Kill. 
0  Breccia  (Permian).   rfSandatone  or  Grit,    it  Little  Whirlatone.   (Hematite. 

John  Walsh  pit,  Robin  Benn  pit,  etc.  Here,  in  many  points, 
a  state  of  things  is  found  exactly  opposite  to  that  which  pre- 
vails at  Frizington.  There  the  roof  is  even  and  the  floor 
uneven ;  here  it  is  the  floor  that  is  even,  whilst  the  roof  is 
generally  very  irregular  indeed.  The  little  whirlstone  forms 
the  floor,  and  the  roof  consists  chiefly  of  silicious  portions  of 
the  upper  part  of  the  first  limestone.  Owing  to  the  irregularity 
of  the  roof  the  thickness  of  the  ore  is  very  variable,  being 
sometimes  over  thirty  feet,  and  at  others  less  than  a  foot 
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This  great  variation  results  mainly  from  the  ore  assuming 
at  times  certain  vein-like  extensions  upwards,  called  by  the 
miners  "  guts."  These  guts  are  shown  at  h  Fig.  8.  They  vary 
in  width  from  a  few  inches  to  five  or  six  feet  or  more,  and 
sometimes  they  open  out  under  the  basement  bed  of  the  grits 
or  along  one  of  the  bed  joints,  and  form  a  minor  deposit  along 
the  top  or  near  the  middle  of  the  limestone.  The  "  guts  "  are 
all  nearly  parallel,  and  run  about  north  and  south.  The  length 
of  the  whole  deposit  is  about  550  yards,  and  its  average 
breadth  about  200  yards.  The  ore  does  not  lie  in  a  compact 
body  as  at  Parkside,  but  is  split  up  by  elongated  masses  of 
limestone  into  parts  which  bear  nearly  north  and  south.  On 
the  western  side  of  the  deposit  these  rock  masses  increase  to 
such  an  extent  as  compared  with  the  ore,  that  the  latter  is 
only  a  network  of  "guts"  or  veins,  but  their  direction  is 
parallel  to  that  of  the  larger  masses,  both  being,  in  fact,  parallel 
to  the  north  and  south  joints  intersecting  the  limestone.  The 
dip  is  to  the  west,  and,  as  at  Parkside,  the  ore,  in  places,  at 
its  rise  edge,  occurs  immediately  below  the  drift,  but  soon 
becomes  covered,  dipward,  by  Grits  and  Permians,  as  shown 
in  Fig.  8.  At  James  pit,  on  the  west  side  of  the  deposit, 
the  thickness  of  these  overlying  rocks  is  about  sixty-four 
fathoms. 

Besides  these  deposits  there  are  several  others  in  the 
first  limestone,  but  they  are  all,  more  or  less,  similar  to 
those  described,  so  that  it  is  not  necessary  to  speak  of 
them  separately.  In  the  second  limestone  the  deposits 
have  also  a  bed-like  form.  They  chiefly  follow  the  sole, 
and  have  an  irregular  "roof"  and  regular  "sole,"  as  shown 
in  Fig.  8. 

The  writer  is  not  aware  that  this  form  of  deposit  has  been 
met  with  in  the  Clints  limestone,  but  a  good  example  of  it  in 
the  fifth  limestone  was  worked  in  No.  7  pit,  Eskett  Park. 
From  the  high  angle  at  which  this  deposit  dipped  it  was 
generally  spoken  of  as  a  vein,  the  miners  working  it  using  the 
terms  "  hanging  cheek  "  and  "  lying  cheek,"  for  what  were  in 
reality  the  "  roof"  and  the  "  sole  "  respectively.     On  the  south- 
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east  the  ore  is  cut  off  by  a  large  north  and  south  upthrow 
fault,  which  brings  the  Sfciddaw  slate  to  the  surface.  The 
throw  of  this  fault  at  the  Agnes  pit,  a  little  to  the  north,  is 
about  190  fathoms,  the  Skiddaw  slate  and  St.  Bees  sandstone 
being  in  contact.  Where  the  ore  abuts  against  this  fault  it  is 
very  thin,  but  it  becomes  thicker  to  the  dip.  The  "  roof "  is 
usually  formed  by  a  bed  of  shale,  and  so  is  a  great  part  of  the 
"  sole,'*  but  sometimes  irregular  masses  of  silicious  stone  are 
found  intervening ;  so  that  for  a  time  the  "  roof  or  "  sole,"  or 
both,  may  be  stone. 

Bed-like  deposits  also  occur  in  the  sixth  and  bottom  lime- 
stones. The  best  examples  in  the  latter  bed  are  to  be  found 
in  the  Woodend  and  Egremont  districts.  There  the  ore 
occurs  mostly  on  the  shale  underlying  the  bottom  limestone, 
although  in  some  cases  there  is  an  intervening  layer  of  silicious 
limestone.  The  roof  invariably  is  limestone,  and  generally 
very  irregular,  causing  great  variations  in  the  thickness  of  the 
ore. 

Where  a  bed-like  deposit  occurs  between  two  beds  of  shale, 
or  of  shale  and  sandstone,  and  the  upper  layer,  in  places, 
forms  the  roof  of  the  ore,  whilst  at  other  points  there  is  an 
intervening  layer  of  limestone,  it  is  found  that  the  vertical 
distance  between  the  shale,  or  shale  and  sandstone,  beds  is 
less  when  the  ground  between  them  is  all  ore,  than  when  it  is 
partly  ore  and  partly  limestone.  This  may  be  the  result  of 
the  upper  shale  or  sandstone  having  sunk  a  little  during  the 
deposition  of  the  ore,  or  it  may  be  that  the  original  limestone 
was  thinner  there. 

Vein-like  Deposits.  Perhaps  the  best  example  in  the 
Whitehaven  district  of  a  deposit  of  this  form  is  that  worked  at 
the  Salter  Hall  mines  and  Postlethwaite's  Eskett  mines.  It  is 
on  the  line  of  a  large  north  and  south  fault,  having  an 
upthrow  to  the  west,  at  the  latter  mine,  of  about  120  fathoms. 
The  deposit  is  in  the  third  and  Clints  limestones,  and  at  its 
south  end  is  very  shallow,  being  overlaid  only  by  the  drift ; 
but  having  the  same  dip  as  the  strata,  that  is  to  the  north- 
west.    It  gets  deeper  as  it  goes  northward.     At  that  end  it 
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becomes  most  vein-like.  A  section  of  it  at  the  north  end  of 
the  Salter  Hall  mines  is  given  in  Fig.  9.  The  ore,  it  will 
be  noticed,  is  narrow  for  some  distance  down,  to  /;  it  then 
widens  considerably,  and  the  "hanging  cheek"  changes  its 
character. 

Above  this  point  it  is  very  silicious,  but  here  the  rocks 
contain  a  large  proportion  of  lime.     On  the  upside  of  the  fault 


Fie.  9.— SicnoH  or  Salter-Hall  Deposits,  (Scale  180  Feet  to  an  Inch.) 
Rtftmtf -a  Suptrfidal  Deposit.      »•,  f,  V, P,  b', V,  and  t'-iat,  mil,  jrd,  4th, 

jth,  6th  and  7th  Limestones  reipectively.    c  Shale,    rf  Sand  stone.    (Hsnutlte. 

/  Sklddan  Slate. 

there  is  Skiddaw  slate  for  about  one-third  the  depth  of  the 
section,  the  remainder  being  "  whirlstone,"  limestone  and 
shale,  intercalated  with  which  are  two  bed-like  extensions  of 
ore,  called  by  the  miners  "  flats  "  or  "  flat-ore,"  the  uppermost 
being  in  the  fifth,  and  the  lower  in  the  sixth  limestone. 
There  is  thus  the  fact  of  a  deposit  of  ore— for  really  the  whole 
of  the  ore,  both  bed-like  and  vein-like,  may  be  looked  upon  as 
one  deposit  only — being  partly  in  the  third,  fourth,  fifth,  and 
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sixth  limestones.    The  ore  frequently  formed  "  fiats "  on  the 
downside  of  the  fault,  as  well  as  on  the  upside. 

Another  large  vein-like  deposit  is  found  by  the  side  of  the 
north  and  south  fault  running  through  by  Agnes  pit  and 
Yeathouse  pits.  Its  character  throughout  is  very  similar  to 
that  just  described,  but  at  Agnes  pit  the  li flats"  occur  only 
in  the  hanging  or  down  side ;  the  upside  of  the  fault  consisting 
entirely  of  Skiddaw  slate.  On  the  contrary,  the  "flats"  at 
Yeathouse  mines  are  wholly  in  the  upside,  the  hanging  cheek 
being  breccia  and  St.  Bees  sandstone. 

At  Birks  there  is  another  vein-like  deposit,  which  is  also 
on  the  line  of  a  north  and  south  fault  There,  too,  as  at 
Yeathouse,  the  "  flats  "  are  in  the  upside,  the  downside  being 
St.  Bees  sandstone  and  breccia. 

A  feature  of  the  vein-like  deposits  of  the  Whitehaven 
district,  worthy  of  mention,  is  that  they  all  "  hade "  towards 
the  east,  like  the  veins  in  the  granite  and  Skiddaw  slate,  the 
amount  of  "  hade  "  being  usually  about  50°  with  the  horizon. 

Some  of  the  most  important  deposits  in  Furness  are  also 
of  this  form — those  at  Lindal  Moor  being  the  finest.  The 
length  of  the  principal  deposit  there,  so  far  as  worked,  is 
about  1,000  yards,  in  a  direction  about  north  250  west,  and 
south  250  east.  Its  breadth  is  very  variable,  sometimes 
being  only  a  few  inches  wide,  whilst  at  other  places  it  is  over 
30  yards.  Fig.  10  is  a  section  across  the  northern  end  of 
the  vein  at  a  point  where  the  width  was  more  regular. 

From  that  section  it  will  be  seen  that  the  deposit  is  laid 
alongside  a  fault— in  fact,  three  faults  are  seen ;  but  whether 
they  continue  alongside  the  deposit  from  north  to  south 
cannot  be  said,  as  the  "  lying  cheek  "  or  foot-wall,  as  the  rocks 
on  the  upside  of  the  fault  are  called,  have  not  been  sufficiently 
laid  open  at  the  southern  end  of  the  deposit ;  but  the  ore  at 
that  end  of  it  lies  on  the  most  westerly  of  the  three  faults 
shown  in  the  above  section.  The  footwall  of  the  vein  is  very 
regular,  as  shown  in  the  section,  and  the  varying  width  of  the 
ore  just  noticed  is  entirely  due  to  the  irregular  form  of  the 
"  hanging  wall,"  as  the  rocks  are  called,  on  that  side  of  the 
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vein  opposite  the  "footwall."  At  the  northern  end  of  the 
vein  the  ore  has  been  worked  to  a  depth  of  nearly  60  fathoms, 
and  the  bottom  of  it  has  been  reached.  In  the  southern  end 
it  is  now  being  worked  at  70  fathoms,  and  ore  is  still  going 
down  in  the  sole  of  the  lowest  workings. 


/Uo£. 


S.6ow. 


Fig.  10. — Section  of  Lindal-Moor  Deposit.    (Scale  120  feet  to  an  inch. ) 

Rt/ertnces—a  Boulder  Clay.     6  Haematite,     c  Carboniferous  Limestone. 
d  Limestones  and  Shales.     $  Conglomerate. 

Another  vein-like  deposit  of  some  importance  in  Furness  is 
being  worked  by  the  Stank  mines,  and  by  some  of  the  pits  of 
the  Yarlside  Mining  Company.  This  deposit  was  found  by  the 
Barrow  Steel  Company  when  they  were  searching  for  coal  in 
the  Yoredale  rocks,  near  Stank.  Here,  too,  the  ore  occurs 
by  the  side  of  a  fault ;  but  in  this  case  it  is  in  the  rocks  on  the 
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upside,  whereas  at  Lindal  Moor  it  is  on  the  downside  of  the 
fault  Near  the  upper  part  of  the  vein  there  is  a  "  flat n  of 
ore,  but  so  far  as  yet  proved  it  is  not  of  great  extent.  This 
"  flat "  is  the  only  approach  to  a  bed-like  deposit,  in  Furness, 
that  has  come  under  the  writer's  notice,  and  the  only  one,  so 
far  as  he  knows,  that  has  been  found  there. 

The  direction  of  the  vein  is  about  250  north-west  and 
south-east.  It  has  been  worked  for  a  length  of  about  600 
yards,  and  for  a  depth  of  about  30  yards,  without  reaching 
the  bottom.  The  width  varies  from  a  few  inches  to  about 
25  yards,  including  the  masses  of  limestone  which  are 
embedded  in  the  ore.  Occasionally  these  limestone  masses 
are  so  large,  and  so  elongated  in  the  direction  of  the  vein, 
that  the  ore  is,  in  places,  split  up  into  a  number  of  vein- 
like bodies  which  are  parallel  to  one  another,  in  the  main, 
but  being  of  irregular  breadth,  communicate  at  intervals, 
and  form  a  sort  of  network  of  ore  in  the  limestone.  The 
"hanging"  wall  is  quite  regular,  and  the  variations  in  the 
width  of  the  vein  are  due  to  the  irregular  form  of  the  "  lying 
cheek." 

This  is  just  the  opposite  of  what  is  seen  at  Lindal  Moor, 
but  the  two  deposits  correspond  in  this,  that  the  regular  side 
of  the  vein  in  each  case  is  that  on  which  the  fault  is  situated. 
The  limestone  at  Stank  is  overlaid  by  Yoredale  shales,  which 
dip  in  a  south-easterly  direction,  that  is,  along  the  course 
of  the  vein.  The  ore  is  confined  entirely  to  the  limestone, 
and  does  not  go  up  into  the  shales,  so  that  the  vein  may 
be  said  to  have  a  dip  south-eastward,  corresponding  to  that 
of  the  surrounding  strata.  It  has  thus  two  dips — one  west- 
ward, due  to  the  inclination  of  the  fault  by  the  side  of 
which  it  is  laid,  the  other  south-eastward,  like  the  adjoining 
limestone. 

This  longitudinal  dip  of  the  ore  and  the  accompanying  in- 
crease in  the  thickness  of  the  overlying  shales  are  such,  that 
at  the  most  southerly  point  worked  the  upper  part  of  the  vein 
is  at  a  depth  of  about  80  fathoms  from  the  surface,  whilst  near 
the  Yarlside  mines  the  same  ore  is  reached  at  a  depth  of 
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about  40  fathoms.  The  vein  seems  to  be  best  at  the  rise 
end,  and  to  become  smaller  as  it  is  followed  in  below  the 
shales.  This  feature  is  often  seen  in  similar  deposits  in  the 
Whitehaven  district 

Another  vein-like  deposit  occurs  at  Yarlside  Mines.  Its 
direction  is  about  north-east  and  south-west,  corresponding 
with  that  of  the  fault  along  which  it  is  laid.  Ore  has  been 
worked  here  to  a  depth  of  42  fathoms  from  the  surface  without 
reaching  the  bottom.  As  in  the  two  deposits  just  described, 
its  width  is  exceedingly  variable.  Sometimes  the  ore  is  found 
close  against  the  fault,  at  another  time  there  is  a  piece  of 
silicious  stone  between  them. 

In  the  vein-like  deposits,  hitherto  found,  notwithstanding 
the  great  variations  in  their  width,  there  is  a  general  narrowing 
downwards. 

All  the  vein-like  deposits  of  Furness  are  in  what  may  be 
called  the  eastern  side  of  the  district,  or  on  the  east  side  of  the 
great  north  and  south  fault  which  runs  through  by  Parkhouse 
and  Dalton  ;  and  it  is  curious  to  observe  that  all  the  deposits 
above  noticed  have  a  westerly  "  hade,"  that  is  to  say,  the  faults 
along  which  they  lie  are  down  to  the  west.  This  is  just  the 
opposite  of  what  is  found  in  the  Whitehaven  District.  There 
the  north  and  south  faults  are  mostly  up  to  the  west.  But  in 
that  district  the  rocks  have  a  westerly  dip,  whilst  in  Furness, 
at  least  where  the  vein-like  deposits  have  been  found,  they  dip 
south-east 

Dish-like  Deposits  are  not  numerous  in  West  Cumber- 
land, nor,  with  one  exception,  are  they  important  The  ex- 
ception is"  the  larger  deposit  at  Hodbarrow.  It  occurs  in  the 
equivalent  of  the  thick  limestone  of  Furness.  Its  extent  has 
not  been  fully  ascertained.  Its  length,  so  far  as  known,  is 
about  1,000  yards,  and  its  breadth  400  yards ;  its  greatest 
thickness  is  about  130  feet,  and  the  average  perhaps  65  feet. 
The  deposit  contains  very  little  stone  or  other  foreign  matter, 
so  that  it  may  almost  be  looked  upon  as  a  solid  mass  of  ore. 
It  is  one  of  the  largest  deposits  in  West  Cumberland,  and  the 
only  one  of  its  kind  of  any  importance  in  that  district.      In 
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Furness,  however,  they  are  very  common ;  in  fact,  most  of  the 
large  deposits  there  have  a  dish-like  form.  It  is  overlaid  only 
by  sand,  gravel,  and  clay,  of  the  drift  period,  whilst  below  and 
around  it  is  one  mass  of  limestone.  Its  direction  is  nearly 
north  and  south,  and  corresponds  exactly  with  that  of  the 
main  joints  in  the  limestone. 

As  just  stated,  most  of  the  deposits  in  Furness  are  of  this 
kind.  In  their  simplest  form  they  are  roughly  like  filled 
irregular  basins,  just  below  the  drift ;  but  in  some  of  the  more 
complicated  forms  this  resemblance  is  somewhat  remote,  owing 
to  the  fantastic  outline  of  their  sides.  At  other  times  deposits 
of  this  kind  are  so  long,  as  compared  with  their  breadth,  that 
they  seem  almost  like  veins.  Figs,  n  and  12  are  plans  of 
the  Park  deposit — the  largest  deposit  of  this  or  any  other  kind 
in  the  district.  Fig.  1 1  shows  the  form  of  the  deposit  at  40 
fathoms  from  the  surface,  and  Fig.  12  its  form  at  50  fathoms. 
In  an  east  and  west  direction  the  deposit  measures  about 
360  yards,  and  in  a  north  and  south  line  its  greatest  length 
will  be  about  260  yards.  The  average  thickness  of  the  drift 
overlying  the  ore  would  be  about  10  fathoms.  The  deposit 
has  been  worked  down  from  that  level  to  about  83  fathoms 
from  the  surface,  and  the  bottom  of  it  is  not  yet  reached. 
These  figures,  it  must  be  understood,  give  an  extreme  idea  of 
the  size  of  this  deposit.  Moreover,  it  contains  large  quantities 
of  sand  and  clay  to  be  hereafter  noticed ;  but  still  it  is  an 
enormous  mass  of  ore,  and  there  is  no  deposit  of  the  same 
kind  in  Furness  which  approaches  it  in  size. 

Branches  of  ore  from  these  deposits  frequently  assume  a 
vein-like  form,  which  are  called  "ginnels."  They  are,  how- 
ever, different  from  the  vein-like  deposits  above  described. 
In  the  latter  one  cheek  is  regular,  but  in  the  former  both 
cheeks  are  very  irregular.  Moreover,  they  do  not  appear 
to  be  laid  along  faults,  but  their  direction  corresponds  nearly 
with  the  north  and  south  joints  in  the  limestone.  Some 
deposits  consist  almost  entirely  of  these  "ginnels,"  as  at 
Bolton  Heads.  Where  such  is  the  case  they  usually  extend 
up  to  the  drift. 
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Irregular-shaped  Deposits.  The  best  example  of  this  form 
of  deposit  is  probably  that  worked  by  Lord  Leconfield's 
Wyndham  and  No  7  pits  at  Bigrigg.     That  deposit  occurs  in 


Figs,  ii,   i*. — Plans  of  Park  Deposit.      (Scale  180  yards  to  an  inch.) 

Btftrtncti— a  Clrbonift'i-fua  Limestone,    ft  Humitite.    a  Sand.    i/ Clay,  etc, 

the  Clints  limestone  on  the  south  side  of  an  east  and  west 
fault,  which  throws  up  to  the  south  about  19  fathoms,  and  cuts 
off  the  grits  of  Fletcher  pit  and  James  pit ;  at  the  same  time, 
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bringing  up  the  "  little  whirlstone  "  to  the  surface,  and  expos- 
ing it  to  view  in  the  bottom  of  Langhorn  quarry.  A  section 
of  the  deposit  is  shown  in  Fig.  13.  On  the  north  side  of 
the  fault  are  bed-like  deposits  in  the  first  and  second  lime- 
stones, which  were  worked  by  Lord  Leconfield's  Nos.  5  and 
6  pits. 

The  deposit  under  consideration  is  on  the  opposite  side 
of  the  fault.  When  viewed  in  section,  as  in  Fig.  13,  its  outline 
is  most  irregular,  and  so  is  its  horizontal  profile — tongues  of 


Fig.  13. — Section  of  Wyndham  Pit.     (Scale  200  feet  to  an  inch.) 

References— <t  a"  a"'  zst,  and  and  4th,  Limestones  respectively.  6  f  Sandstone. 
0  &  Shale,  d  Boulder  Drift,  e'  e"  tt"  Haematite  in  ist,  and,  and  4th  Limestones 
respectively. 

limestone  of  various  lengths  and  breadths  running  into  it 
in  a  north  and  south  direction,  and  splitting  it  up  in  the 
most  fantastic  manner.  Its  greatest  length  is  about  340  yards, 
its  greatest  breadth  208  yards,  and  its  greatest  thickness  200 
feet.  Owing,  however,  to  the  splitting  up  of  the  deposit  by 
masses  of  limestone,  its  average  dimensions  probably  do  not 
equal  half  its  greatest  dimensions.  The  lower  part  of  the 
deposit  is  somewhat  bed-like,  having  the  same  dip  and  strike 
as  the  strata ;  and  the  ore  connecting  this  with  the  main  mass 
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above  has  a  pipe-like  form,  its  area  in  horizontal  section  being 
very  small.  The  general  direction  of  the  deposit  is  north 
and  south,  and  so  is  that  of  the  several  masses  of  ore  into 
which  the  deposit  is  divided  by  the  protruding  tongues  of 
limestone.  The  "roof"  of  part  of  the  deposit  is  formed  by 
a  bed  of  shale ;  everywhere  else  it  is  enclosed  by  limestone  or 
its  silicious  concomitant,  "whirlstone." 

Another  very  large  deposit  of  the  same  kind,  and  in  the 
same  limestone,  was  worked  at  Montreal  mines  by  Mr.  Stirling. 
It  occurred  on  the  south  side  of  a  large  east  and  west  fault, 
which  has  a  throw  down  to  the  north  at  that  point  of  about 
240  fathoms.  Its  length  from  north  to  south  is  about  220 
yards,  its  breadth  about  180  yards,  and  its  average  thickness 
about  45  feet.  Other  similar  deposits  occur  in  the  same 
limestone  in  various  parts  of  the  district,  but  there  is  nothing 
about  them  which  is  peculiar  as  regards  their  form,  so  that 
they  demand  no  special  notice. 

There  has  only  been  one  good  instance  of  this  kind  of 
deposit  in  Furness,  and  that  was  at  Askam.     There,  the  ore 
was  entirely  surrounded  by  limestone  toward  the  dip ;  but,  in 
another  part  of  the  deposit,  on  the  rise  the  ore  lay  immediately 
below  the  surface  in  a  dish-like  hollow,  somewhat  similar  to 
the  deposit  at  Park.     From  the  main  body  of  the  deposit 
numerous  "  ginnels  "  protruded  like  fingers  from  the  hand,  and 
the  direction  of  these  "ginnels"  always  corresponded  with  that 
of  one  or  other  of  the  main  joints  in  the  surrounding  lime- 
stone— mostly  with  the  joints  running  nearly  north  and  south. 
The  total  area  of  the  deposit,  including  the  large  masses  of 
limestone  that  projected  into  the  ore  from  the  sides,  roof,  and 
sole,  would  be  about  16  acres.     Its  length  in  a  north  and 
south  direction  would  be  about  260  yards,  and  from  east  to 
west  it  would  be  about  300  yards.     It  was  overlaid  by  about 
16  fathoms  of  drift,  and  on  the  dip  side  of  the  deposit,  where 
it  had  a  rock  roof,  the  ore  extended  to  a  depth  of  about  40 
fathoms.     Generally,  the  deposit,  notwithstanding  its  irregular 
form,  had  the  same  dip  as  the  limestone.    It  therefore  extended 
to  a  less  depth  on  the  rise   where  it  came  up  to  the  drift 
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than  on  the  dip  side  where  it  had  a  rock  roof.  This  is  a 
common  feature  of  deposits,  both  in  this  district  and  at 
Whitehaven. 

The  particular  forms  of  the  deposits  having  been  described, 
it  is  now  proposed  to  glance  at  their  more  general  features. 


Inner  Nature  of  the  Deposits. 

In  the  case  of  some  of  the  deposits  already  spoken  of,  it 
was  stated  that  they  were  split  up  by  tongues  of  limestone  or 
"  whirlstone,"  in  such  a  way  that  the  bearing  of  the  different 
parts  of  the  deposit  corresponds  very  nearly  with  the  magnetic 
meridian.  This  may  be  said  to  be  the  case  generally,  unless 
the  deposit  occurs  alongside  an  east  and  west  fault.  Then,  it 
sometimes  happens  that  the  longer  axis  has  an  east  and  west 
direction.  For  instance,  alongside  the  coal  measure  fault 
which  runs  in  an  east  and  west  direction  through  the  Montreal 
mines,  there  is  a  deposit  of  ore  which  extends  from  No.  2  pit, 
Montreal,  to  No.  2  pit,  Crossfield,  a  distance  of  about  320 
yards,  whilst  its  greatest  extension  southwards  from  the  fault 
is  only  150  yards.  It  is,  however,  only  in  a  case  of  this  sort 
that  a  deposit  is  longer  in  an  east  and  west  direction  than  it  is 
from  north  to  south,  and  not  always  then,  for  the  Wyndham 
pit  deposit  at  Bigrigg  is  twice  as  long  in  a  north  and  south 
direction  as  it  is  from  east  to  west,  yet  it  occurs  by  the  side  of 
an  east  and  west  fault 

Another  feature  of  these  deposits,  as  they  occur  in  the 
Whitehaven  district,  is  that  they  usually  lie  by  the  side  of  a 
fault,  a  fact  the  importance  of  which  will  be  rendered  more 
clear  by  an  enumeration  of  the  principal  deposits  so  occurring. 
Every  fault  of  any  importance  runs  either  in  a  north  and  south 
direction,  or  nearly  at  right  angles  to  it,  so  that  deposits  in  this 
connection  may  be  divided  into  two  sets — those  by  the  side  of 
north  and  south  faults,  and  those  by  the  side  of  faults  having 
an  east  and  west  direction* 

Deposits  alongside  North  and  South  Faults.    The 
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deposit  worked  by  the  Salter  Hall  mines,  part  of  Eskett  Park 
mines,  Postlethwaite's  Eskett  mines,  and  the  Winder  Gill 
mines  is  partly  on  the  up  and  partly  on  the  down  side  of  a 
fault  which  runs  through  by  Winder  Station. 

Coming  further  west  there  is  another  fault  at  Yeathouse, 
by  the  side  of  which  are  deposits  that  have  been  worked  by 
the  Eskett  mines,  part  of  Eskett  Park  mines,  part  of  the 
Winder  mines,  the  Yeathouse  mines,  and  the  Lonsdale  mines. 

The  next  fault  of  any  importance  is  at  Birks,  alongside 
which  occurred  a  deposit  worked  for  many  years. 

Coming  down  to  Cleator  there  is  a  fault  running  through 
Jacktrees  mines,  Crossfield  No.  10  pit,  and  Mr.  Stirling's 
Nos.  9  and  6  pits.  Then  there  is  another  by  the  Cleator 
Iron-ore  Company's  old  opencast,  the  opencast  and  No. 
7  and  No.  8  pits  Crossfield,  and  Mr.  Stirling's  No.  5  and 
No.  7  pits. 

The  deposits  worked  by  the  Cleator  Glebe  pit  and  the 
Cleator  Iron-Company's  ore  No.  21  pit,  are  by  the  side  of  a 
fault  having  this  direction. 

At  Bigrigg  there  is  another  fault,  by  the  side  of  which  is  the 
deposit  worked  by  the  old  pits  of  Lord  Leconfield  on  Bigrigg, 
and  the  Meadow  pit  of  Messrs.  Lindow. 

The  Southam  and  Pallaflat  deposits  are  both  alongside 
north  and  south  faults,  and  so  are  those  worked  by  the 
Gillfoot  Park  and  Wyndham  Mining  Companies. 

Deposits  alongside  East  and  West  Faults.  By  the 
side  of  a  fault  with  this  direction  are  Lord  Leconfield's 
Bigrigg  pits  at  present  working,  and  some  of  the  Woodend 
pits. 

Along  the  fault  already  mentioned  as  passing  through 
Montreal  mines,  are  DalzeU's  Moor  Row  pits ;  Mr.  Stirling's 
pits  numbered  1,  2,  3,  4,  6,  8,  10,  11,  and  12  ;  Crossfield  No. 
2  pit ;  and  Lord  Leconfield's  James  pit. 

At  Frizington  a  fault  runs  through  the  Highhouse  pits 
numbered  1,  2,  and  5,  and  between  the  Goosegreen  and 
Scalelands  pits. 

Lastly,  there  is  a  fault  with  this  direction  running  through 
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the  Mowbray  No.  2  pit  shaft.  Some  of  the  pits  along  these 
lines  of  faulting  are  omitted,  but  the  principal  are  included ; 
from  which  it  will  be  seen  that  all  the  most  important  deposits 
in  the  district  are  by  the  side  of  faults.  It  may  also  be  observed 
that  nearly  all  the  north  and  south  faults  "  hade  "  to  the  east, 
whilst  those  having  a  direction  nearly  at  right  angles  to  them 
"  hade  "  to  the  north. 

The  throw  of  some  of  these  faults  is  very  large,  and  very 
often,  in  those  having  a  north  and  south  direction,  the  amount 
of  throw  increases  toward  the  hills. 

Faults  are  most  difficult  of  detection  in  Furness  for  the 
reasons  already  stated,  but  several  most  important  deposits  are 
clearly  by  the  sides  of  such  dislocations.  Among  these  may 
be  mentioned  the  deposits  at  Lindal  Moor,  Pennington, 
Yarlside,  and  Stank. 

Another  feature  of  importance  in  these  deposits  is  that 
they  nearly  all,  at  some  place  or  other,  rise  out  to  the  denuded 
surface  of  the  tilted  carboniferous  rocks,  and  are  there  covered 
only  by  either  Permian  breccia  or  drift. 

The  ore  of  the  Whitehaven  District  is  chiefly  of  the 
hard,  massive  kind,  although  in  some  places  it  is  much  harder 
than  in  others.  In  colour  it  varies  from  a  brownish-red  or 
purple  to  a  bluish  iron-grey.  Its  composition  is  partly  shown 
by  the  following  analyses  : — 

No.  1. 

Peroxide  of  iron  98*26 

0111C&       >..         ...  . ..         ...         ...         ...  a  ^y 

Phosphate  of  iron  *30 

Lime  and  magnesia  ...         ...        ...         ...  traces 


Total    ...        ...        ...        ...         ...        ...       100*15 


Metallic  iron       6878 

Specific  gravity 4*92 

This  was  a  piece  of  "  kidney  "  from  old  Parkside  mines. 
The  general  composition  of  a  first-class  ore  is  more  like  that 
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IQ5 


shown  in  No.  2  and  No.  3,  the  first  of  which  is  an  analysis  of 
an  average  sample  of  the  Southam  ore,  the  latter  of  a  sample 
from  Hodbarrow : — 


No.  2. 

No.  3. 

Peroxide  of  iron 

•  ■  • 

•  •  • 

•  ■  • 

8873 

•  •  • 

8441 

Protoxide  of  manganese 

•  •  a 

•  •  • 

trace 

■  •  • 

.32 

Silica 

■  •  • 

•  •  • 

■  •  • 

4-96 

•  ■  ■ 

736 

Alumina 

•  •  • 

•  •  • 

•  •  • 

194 

•  •  • 

97 

Lime       ...         ... 

•  ■  • 

•  •  • 

•  •  • 

•41 

■  •  • 

70 

Magnesia 

•  •  • 

•  m  9 

•  •  • 

•12 

•  •  • 

'II 

Baryta 

•  •  • 

•  a  • 

•  •  • 

•13 

•  •  • 

— 

Carbonic  acid    ... 

•  •  • 

•  •  ■ 

•  •  • 

'44 

•  •  • 

1*09 

Phosphoric  „ 

•  •  • 

■  •  * 

•  ■  • 

•03 

a  m  w 

•03 

Sulphuric    „ 

•  •  • 

■  ■  • 

•  •  » 

•05 

•  a  a 

•01 

Water    

•  •• 

•  ■  • 

» 

•  •  • 

•  •  • 

•  •  • 

•  •  a 

•  •  a 

•  •  * 

•  •  • 

3' 10 

•  •  • 

•  •  a 

•  •  • 

5*oo 

Total 

9991 

IOO'OO 

Metallic  iron 

62*11 

5909 

Specific  gravity 

•  a  a 

•  •* 

•  •  • 

4*5 

•  •  • 

— 

The  following  analyses  will  convey  some  idea  of  the  great 
variation  there  is  in  the  quality  of  ore  yielded  by  different 
mines : — 


Peroxide  of  iron 

Protoxide  of  manganese  .. 
oiuca  ••■  •■•  ■» 
Alumina 

I J111G  . . .  ...  .. 

Magnesia    ...        ...        .. 

Phosphoric  acid 

Sulphur      

Carbonic  acid        

w  atci  ...  ...  . . 

Total  ... 

Metallic  iron  

Moisture  lost  at  212'  Fahr 
Specific  gravity     ... 


No.  4. 
Dried  ataxa°Fahr. 

83*57 
>••  *Io         ■■ 

9*42 

125 

19 

'  •  m  5  *  * ' 

1  •  •  J  *  * * 

2*10 
1*23 


99*16 

5850 
5'55 


No.  5. 

62*63 

'34 
2174 

•20 

349 
•17 

•02 

04 

274 

8'43 
99-80 

43&I 
3*32 
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No.  4  is  an  average  of  78  samples  of  a  good  ore. 

No.  5  is  an  average  analysis  of  a  very  poor  deposit  of  ore. 
The  highest  metallic  yield  in  a  large  number  of  analyses  of 
ore  from  this  mine  was  58*49  ;  the  lowest  2172  per  cent. 

When  any  of  these  ores  are  examined  under  the  microscope 
they  are  found  to  contain  numerous  minute  cavities.  In 
"kidney"  and  "pencil"  ore  these  cavities  are  empty,  or 
nearly  so ;  but  in  the  poorer  ores  they  are  entirely  filled  with 
silica.  "  Pencil "  ore  absorbs  about  ^^th  of  its  weight  of 
water;  the  silicious  ore,  yielding  No.  5  analysis  above,  does 
not  absorb  any  water. 

Here  and  there  in  the  ore  are  cavernous  spaces  called 
"  loughs,"  which  vary  in  shape  from  lenticular  to  spheroidal, 
and  in  size  from  a  few  inches  to  3  or  4  feet  or  more  across. 
The  ore  forming  the  walls  of  these  loughs  has  invariably 
the  kidney  structure.  It  occurs  in  concretions  round  the 
loughs  to  a  depth  of  several  inches,  the  concretionary 
structure  becoming  less  and  less  distinct  outwards  from  the 
lough,  and  finally  dying  away  into  the  massive  ore  around 
it.  Some  of  these  loughs  are  filled  with  brown  spar,  and 
sometimes  the  ore  appears  to  be  interlayered  with  it;  at 
other  times  broken  pieces  of  kidney  are  found  lying  pell 
mell  in  the  spar.  Embedded  in  the  hard  ore  at  DalzelPs 
Moor  Row  mines,  the  writer  found,  several  years  ago,  some 
most  remarkable  structures  of  haematite.  They  resembled 
in  form  small  door  knobs,  being  perfectly  even,  smooth  and 
shining  on  the  surface.  When  broken  they  showed  a  radiating 
structure,  the  lines,  which  were  curved,  converging  in  the  stem 
of  the  knob. 

The  ore  of  the  Purness  deposits  may  be  divided  into 
three  classes : — 

1.  Hard,  compact,  blue-purple  6rey  in  which  there  are 
numerous  loughs,  lined  with  kidney-like  concretions  and  spar, 
such  as  occur  in  the  Whitehaven  deposits.  This  kind  of  ore 
is  found  in  the  northern  end  of  the  Lindal  Moor  deposit,  in 
the  Stank  deposit,  and  in  part  of  the  Askam  deposit.  Its 
composition  is  as  follows  : — 
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No.  I. 

No.  2. 

No.  3. 

Ferric  oxide 

•  •• 

•  •  a 

78'6l 

8300 

94*23 

Protoxide  of  manganese 

•  •  • 

•24 

— 

•23 

Silica    

•  •  • 

■  •• 

I645 

1550 

490 

Alumina 

•  •  • 

•  m  m 

1-87 

— 

•63 

Lime     ...        ... 

•  •  • 

•  •  • 

•56 

trace 

•05 

Magnesia         ... 

•  ■  • 

•  •  • 

•24 

— 

trace 

Phosphoric  acid 

•  •  • 

•  •• 

O3 

— 

trace 

Sulphuric         „ 

•  •  • 

•  •  • 

O4 

— 

•09 

Water 

•  •  • 

•  •  • 

•  •  • 

•  •• 

•  •  ■ 

•  •  ■ 

2*02 

150 

56 

Total 

I0006 

lOO'OO 

100-69 

Metallic  iron     ... 

5503 

5810 

6508 

Specific  gravity 

•  ■  • 

•  •  • 

4*34 

4*53 

483 

Although  the  outward  appearance  of  this  hard  ore  suggests 
the  idea  that  it  is  very  compact,  yet,  on  being  submitted  to  the 
microscope,  it  is  found  to  contain  a  number  of  minute  cavities. 
These  cavities  are  mostly  filled  with  silica,  and  their  proportion 
to  the  mass  is  about  the  same  as  that  of  the  silica  in  the 
above  analyses ;  so  that  the  silicious  quality  of  these  ores  in 
this  district  and  in  West  Cumberland  is,  as  indicated  by 
chemical  analysis,  and  still  further  demonstrated  by  micro 
scopic  analysis,  due  to  a  mechanical  admixture  of  quartz. 
The  larger  cavities  in  the  ore  that  are  visible  to  the  unaided 
eye,  and  which  are  locally  called  "loughs'1 — also  contain  a 
quantity  of  silica  in  the  form  of  quartz  spar ;  but  this  does  not 
much  affect  the  analyses,  as  most  of  it  is  thrown  aside  in 
working  the  ore.  The  kidney  ore,  when  seen  under  the  micro- 
scope, contains  very  few  cavities,  and,  as  might  be  expected 
from  that  fact,  its  chemical  analysis  shows  very  little  silica. 
The  more  silicious  the  ore  the  greater  is  the  number  of  minute 
quartz-filled  cavities  which  it  contains.  A  few  of  the  "  loughs  " 
are  lined  with  calcite  and  specular  ore,  but,  as  stated  above, 
they  mostly  contain  quartz.  Many  of  the  "  loughs  "  are  filled 
with  spar,  others  only  partially  so.  The  proportion  of  both 
filled  and  open  "  loughs "  to  the  volume  of  ore  will  probably 
be  about  one-sixth.  As  in  the  Whitehaven  deposits,  the 
kidney  ore  is  invariably  found  forming  the  walls  of  loughs ; 
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and  it  is  never  found  apart  from  what  was  once  a  lough, 
although  it  may  be  that  "  loughs  "  which  originally  existed  are 
now  filled  with  spar.  This  hard  ore  is  sometimes  very 
curiously  mixed  with  stone. 

2.  Dully  reddish-purple  ore,  which  occurs  in  moderately 
hard  pieces  mixed  with  softer  concretionary  ore  of  a  bright  red 
colour,  in  some  of  the  interstices  of  which  there  is  a  quantity 
of  very  soft,  red,  greasy-looking  ore  called  "smit,"  which 
seems  to  be  the  same  kind  of  ore  as  that  forming  the  concre- 
tions, but  in  a  powdery  condition,  and  mixed  with  water. 
The  concretionary  ore,  on  being  subjected  to  the  action  of  the 
atmosphere,  and  turned  over  a  few  times  rather  roughly,  falls 
into  a  powder,  which,  when  moistened,  has  exactly  the 
appearance  of  "  smit,"  and  leaves  the  same  red  greasy  stain. 
Under  the  microscope  it  is  seen  to  contain  a  number  of  minute 
particles  of  quartz,  which,  in  the  pre-powdery  condition  of  the 
ore,  occupied  cavities  therein,  similar  to  those  found  in  the 
hard  blue-purple  ore. 

This  ore  is  found  at  the  southern  end  of  the  Lindal  Moor 
deposit,  in  part  of  the  Stank  deposit,  at  Yarlside,  Crossgates, 
and  elsewhere.  The  softest  of  it  is  known  as  "  puddling  "  ore. 
Its  composition  is  as  follows  : — 


No.  z. 

No.  9. 

Dried  at  aia°  Fahr. 

Ferric  oxide 

•  •  • 

■  •  • 

•  •  • 

77-24 

•  *  • 

86*50 

Protoxide  of  manganese 

•  •  • 

•  •  ■ 

•ii 

•  •  ■ 

'21 

Silica 

•  #  • 

•  •  • 

•  •  • 

7*36 

•  •  • 

6l8 

Alumina     ... 

•  •  • 

•  •  • 

■  •  • 

171 

*  •  • 

•30 

Lime           ... 

■  *  • 

•  ■  • 

•  as 

608 

•  •  » 

277 

Magnesia    ... 

•  •  • 

•  ■  • 

t  •  • 

•41 

•  •  • 

1*46 

Carbonic  acid 

■  •  ■ 

•  •  • 

•  •  • 

419 

■  *  ■ 

296 

Phosphoric  „ 

•  •  « 

•  ■  • 

•  •  • 

— 

•  •  • 

trace 

Sulphuric     „ 

•  ■  • 

•  a    ■ 

•  •  • 

— 

•  •  • 

•11 

Water 

•  ■  • 
■  •  • 

•  •  • 

•  ■    • 

•  •  ■ 

•  •  a 

•  •  • 

•  •  • 

•  •  • 

2-82 

•  •  • 

•  «  a 

•  •  • 

— 

Total    ... 

9992 

100*49 

Metallic  iron 

54-06 

6055 

Specific  gravity 

■  •  • 

•  •  • 

•  •  • 

404 

•  •   • 

4'47 
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The  harder  pieces  of  ore,  as  already  mentioned,  contain 
microscopic  cavities,  some  of  which  are  filled  with  quartz, 
but  many  of  them  are  empty.  In  this  ore  the  loughs  are 
smaller,  but  more  numerous  than  in  the  hard  compact  ore  first 
described.  When  they  contain  spar  it  is  generally  calcite,  very 
little  quartz  occurring  in  them.  The  soft  kidney-like  con- 
cretions in  this  ore  are  frequently  found  following  the  contour 
of  included  pieces  of  stone,  and  sometimes  it  may  be  seen  in 
"  ginnels  "  having  the  same  relation  to  the  limestone  cheeks. 

In  this  ore,  at  Gilbrow  (the  south  end  of  the  Lindal  Moor 
deposit),  a  number  of  fossils  belonging  to  the  Carboniferous 
limestone  have  been  found,  some  converted  into  haematite, 
others  only  partially  so.  The  forms  are  similar  to  those  met 
with  at  Whitehaven. 

3.  Softy  dark  ore.  This  is  the  most  abundant  ore  in 
Furness,  being  that  which  is  mainly  found  in  the  dish-like 
deposits.  It  consists  of  hard  pieces  of  ore  like  those  last 
described — some  of  which  have  the  kidney-form — of  the  size 
of  a  man's  hand,  and  less,  set  in  a  moderately  soft,  dark  red 
or  brown,  and  sometimes  nearly  black  matrix  consisting  of 
"smit"  clay  and  manganese,  the  whole  mass  having  a  most 
confused  appearance.  It  contains  no  loughs,  except  such  as 
are  occasionally  found  within  the  harder  pieces  of  it,  and  these 
are  necessarily  very  small.     Its  composition  is  as  follows  : — 


1. 

2. 

3. 

4. 

Ferric  oxide    ... 

■  •  • 

6o-6i 

6981 

75*35 

8447 

Manganese 

■  •• 

2*22 

112 

1  49 

•22 

Silica    

•  •  • 

21'93 

1538 

727 

695 

Alumina 

•  *  • 

2'  IO 

Lime 

•  •• 

39 

'21 

'21 

•25 

Magnesia 

•  •  • 

•56 

70 

•64 

•41 

Sulphuric  acid 

•  •• 

Phosphoric  „ 

•  •  • 

•03 

•02 

•03 

•03 

Loss  on  ignition 

•  •  • 

376 

344 

254 

158 

Moisture  lost  at 

212°  F. 

•  •  • 

•  •  • 

1144 

10' 10 

10-00 

6-90 

Total     ... 

10094 

10078 
4881 

99*63 

5275 

100-81 

Metallic  iron   ... 

4243 

5913 

Specific  gravity 

■  •  • 

3-66 

378 

398 

43° 
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In  the  Ure  pits,  near  Dalton,  a  dark  ore  of  this  description 
was  found,  which  contained  15*35  per  cent,  of  peroxide  of 
manganese,  and  4  per  cent,  of  titanic  acid. 

In  the  other  two  classes  of  ore  the  kidney-like  concretions 
are  invariably  found  immediately  adjoining  loughs,  but  in  this 
they  are  imbedded  in  the  softer  ore  and  altogether  apart  from 
loughs. 

The  distinguishing  feature  of  this  ore  chemically  is  its 
comparatively  large  percentage  of  manganese.  The  second 
ore  described  contains  a  high  percentage  of  lime  and  carbonic 
acid,  due  probably  to  the  presence  of  limestone.  The  hard 
compact  ore  contains  little  manganese  but  a  large  quantity  of 
silica. 

General  Features. 

When  ore  is  in  contact  with  either  shale  or  sandstone 
there  is  a  distinct  line  of  demarcation  between  them,  but  this 
is  rarely  so  when  it  is  in  contact  with  limestone  or  "  whirlstone." 
The  junction  then  is  very  indefinite,  the  ore  and  stone  being, 
as  the  miners  express  it,  "  grown  together."  The  passage  from 
one  to  the  other  is  by  regular  gradations.  Very  frequently 
the  ore  for  a  few  inches  adjoining  the  stone  has  a  laminated 
appearance,  that  structure  being  most  distinct  near  to  the 
stone,  and  becoming  less  and  less  so  as  the  distance  from  it 
increases.  Sometimes  between  the  ore  and  stone  there  is  a 
thin  parting  of  clay,  but  it  seldom,  if  ever,  exceeds  half  an  inch. 
In  some  cases  the  stone  adjoining  the  ore,  and  for  two  or  three 
feet  away  from  it,  is  of  quite  a  porous  nature,  being  at  one 
time  black  and  cindery-looking,  at  another  yellow  and  ochreous 
or  "  gossany,"  or  again,  it  may  be  a  dullish  brown. 

A  most  remarkable  feature  of  these  deposits,  when  in  the 
fourth,  fifth,  sixth,  and  bottom  limestones  of  the  Whitehaven 
district,  is  the  occurrence  in  them  of  partings  and  nests  of 
shale.  Fig.  14  shows  several  of  these  partings,  as  exposed 
in  the  No.  5  pit,  Eskett  Park.  The  beds  between  which  the 
partings  occur  are    partly  silicious    stone,  and   partly  hard 
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jointy  haematite,  and  they  have  the  same  dip,  both  in  direction 
and  amount,  as  the  rocks  surrounding  the  deposit.  A  similar 
section  seen  in  Salter  Hall  No.  3  pit  is  given  in  Fig.  15.  Here 
again/the  beds  of  ore  and  the  shale  partings  have  the  same  dip 


Fig.  14.— Section  in  Eskett  Park  No.  5  Pit.    (Scale  8  feel  to  an  inch.) 

«'/™>i-n  Hud  jointr  Hematite,  laminated  «  H.     b  Wblrlatone. 

tfir"  Shale  parting*. 

as  the  surrounding  strata,  with  which,  in  fact,  the  partings  are 
actually  interbedded.  The  pieces  of  whirlstone  b  and  b", 
which  are  separated  by  the  partings  d,  were  proved  at  several 
points  to  be  connected  with,  in  tact,  to  form  part  of,  the  sur- 


Fig.  15. — Section  in  Salter  Hall  No.  3  Pit.     (Scale  1 


rounding  rocks,  so  that  the  partings  c  and  J  are  interbedded 
with  the  limestone  as  well  as  with  the  ore.  The  same  thing 
might  also  be  observed  at  the  Crossfield  Company's  "  opencut " 
(Fig.  16).  There  the  shale  bed/was  seen  lying  between  the 
ore,  and  also  continuing  into  the  limestone. 
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Nests  of  shale  are  occasionally  found  surrounded  by  haema- 
tite. The  horizontal  section  of  these  nests  is  roughly  circular, 
and  the  laminations  of  the  shale  are  parallel  to  the  bed  planes 
of  the  rocks  surrounding  the  deposit. 

In  Furness  these  shale  partings  in  ftie  ore  are  rarely  met 
with,  for  the  very  good  reason  that,  as  already  pointed  out,  there 
are  few  beds  of  shale  in  the  limestone ;  still  they  are  met  with 
occasionally  in  the  ore,  and  the  writer  has  seen  sections  in  the 


Tlfo£_. 


East 


-v^ 


Fig.  i 6. — Section  of  "Opencast"  at  Crossfield.    (Scale  40  feet 

to  an  inch.) 

Riftrtnces—a  Boulder  Gay.  6  Limestone,  e  <f  Limestone  very  Silicious.  d  4* 
Haematite.  9  Red  and  Grey  Shale.  /  Grey  Shale.  The  dotted  lines  show 
the  sides  of  the  Opencut. 

"  ginnels  "  of  the  Askam  deposit,  which  showed  a  thin  layer  of 
shale  interbedded  with  both  the  limestone  and  the  ore.  He 
has  also  seen  a  section  in  the  same  mine  showing  a  thin  layer 
of  shale  forming  the  roof  of  a  bed-like  piece  of  ore.  He  has 
observed  the  same  kind  of  thing  at  the  north  end  of  the  Lindal 
Moor  vein. 

Wherever  beds  of  shale  are  met  with  in  the  ore,  which 
cannot  be  traced  into  the  surrounding  limestone,  they  have 
invariably  the  same  dip  as  the  limestone. 

Another  fact  of  frequent  occurrence  which  it  is  desirable 
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to  mention  is  the  shaly  nature  of  the  roof  of  some  mines ;  the 
shale  beds  so  forming  the  "roof"  are  invariably  interbedded 
with  the  surrounding  rocks,  as  shown  in  Fig.  17,  which  is  a 
section  of  the  Scalelands  mine. 

A  feet  which  the  writer  has  very  often  noticed  in  connection 
with  the  shale  partings,  as  well  as  with  the  "roof  and  "sole," 
when  either  or  both  of  them  are  shale,  is  that  the  ore  in  con- 
tact with  the  shale,  if  that  be  not  black  and  slaty,  is  very  much 
softer  than  it  is  a  foot  or  so  away  from  it,  the  softness  increasing 
as  the  shale  is  approached. 


Fig.  17. — SiCTtox  of  Scalblamds  Mini.    (Scale  izo  feet  to  an  inch.) 

Rr/ermCts-  I  Boulder  Clay,     t  Orboniferouo  Limellone.    if  e"  0™  Grey  Shale. 
4  Haematite. 

In  some  of  the  deposits  the  ore  has  quite  a  bedded  appear- 
ance. This  feature  was  very  well  displayed  in  Todholes  quarry, 
below  the  shale  beds  which  ran  through  the  ore.  It  might  also 
be  seen  in  the  Cleator  Iron-ore  Company's  "  opencut "  near 
Jacktrees.  At  a  distance,  the  ore  in  these  deposits  had  the 
appearance  of  a  red-stained  limestone,  such  as  may  be  seen 
near  Park  mines  in  Fumess.  The  dip  of  the  ore  beds  corre- 
sponded exactly,  both  in  direction  and  amount,  with  that  of  the 
adjoining  limestone  on  the  same  side  of  the  fault.  Sometimes 
where  the  ore  is  bedded  in  this  way  the  alternate  layers  are 
hard  and  soft 

Another  feature  which  might  also  be  seen  at  the  Cleator 
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Iron-ore  Company's  "  opencut  °  just  mentioned,  is  the  ex- 
istence of  joints  in  the  ore  somewhat  similar  to  the  two  sets 
of  joints  (beside  the  bed  joints)  by  which  all  rocks  are  more  or 
less  intersected.  One  set  of  these  joints  ran  nearly  east  and 
west,  the  other  nearly  north  and  south.  These  joints  are  not 
strong  and  persistent  such  as  the  joints  found  in  limestone,  or 
even  in  slate,  but  are  quite  short  and  interrupted.  So  far  as 
the  writer's  experience  goes,  they  only  occur  in  the  hardest  ore, 
and  those  joints  having  an  east  and  west  direction  are  more 
numerous  and  stronger  than  those  running  at  right  angles  to 
them. 

In  some  of  the  deposits  the  ore  is  interrupted  by  masses 
of  stone,  which  frequently  have  an  elongated  form,  their  longer 
axis  having  a  direction  corresponding  very  nearly  with  the 
north  and  south  joints  of  the  limestone.  These  stony  masses 
are  usually  connected  either  at  one  end,  or  both,  or  at  the 
bottom  or  top,  with  the  main  body  of  limestone  in  which  the 
ore  lies;  that  is  to  say,  they  project  into  the  ore  from  the 
surrounding  limestone.  Some  smaller  pieces  of  stone,  having 
the  shape  of  rough  irregular  spheres,  are  frequently  embedded 
entirely  in  the  ore. 

In  some  of  the  dish-like  deposits  of  Fumess  large  masses 
of  red  and  white  sand  are  met  with.  In  the  Park  deposit  there 
is  a  very  large  quantity  of  it;  so  much,  in  fact,  that  it  is 
worked  and  sent  to  Barrow  for  use  at  the  blast  furnaces.  The 
horizontal  form  of  these  sandy  masses  at  Park  is  shown  in  the 
two  plans  of  that  deposit  given  in  Figs,  n  and  12.  Vertically 
they  are  as  irregular  as  in  plan,  but  are  more  or  less  continuous 
from  the  under  side  of  the  drift  down  nearly  to  the  70  fathoms 
level.  In  the  60  fathoms  level  there  are  blocks  of  red 
sandstone,  which  in  the  centre  cannot  be  distinguished  from 
the  St.  Bees  sandstone.  On  the  outer  side  of  these  blocks  the 
sandstone  is  less  hard  and  arranged  in  concretionary  layers, 
which  are  softer  and  softer  outwards,  until  they  disappear 
altogether  in  a  mass  of  loose  sand. 

Frequently  in  the  dish-like  deposits  of  Fumess,  and 
occasionally  in   those   having    a    vein-like  form,   masses   of 
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red,  yellow,  and  whitish  clay  are  met  with.  Sometimes 
this  clay  is  quite  hard,  and  then  it  receives  the  name  of 
"  hunger." 

The  clay  masses  usually,  but  not  invariably,  occur  around 
the  outside  of  the  ore  between  it  and  the  limestone,  or,  as  in  the 
case  of  the  Park  deposit,  between  the  ore  and  the  sand.  They 
are  not  continuous  but  interrupted.  Sometimes  two  or  three 
fathoms  of  clay  may  be  found  between  the  ore  and  the  lime- 
stone. At  other  times,  the  ore  can  be  seen  abutting  against 
the  stone.  In  the  latter  case  the  limestone  has  a  rounded 
outline,  and  is  often  decomposed  to  a  depth  of  nearly  an 
inch ;  or,  to  use  the  miners'  expression,  it  has  then  a  "  crust " 
on  it. 

In  the  deposits  containing  hard,  compact  ore,  the  stone  and 
ore  at  their  junction  are  often  blended  into  one  another  in 
such  a  way  that  they  seem  to  be  "  grown  together,"  as  is  often 
the  case  in  the  Whitehaven  district.  This  appearance  is 
occasionally  met  with  in  the  deposits  containing  soft  ore,  but 
only  in  small  pieces. 

In  many  instances,  particularly  in  the  Mousell  mine,  the 
limestone  on  the  outside  of  the  clay  appears  to  be  very  much 
broken  up,  and  between  the  disjointed  masses  of  stone  some 
of  the  clay  just  spoken  of  has  penetrated.  Sometimes  in  the 
clay,  surrounding  the  ore,  vegetable  matter  is  found,  particularly 
in  the  deposits  at  Crossgates.  In  one  or  two  of  the  mines 
there  pieces  of  flattened  exogenous  wood,  6  to  8  inches  diameter, 
have  been  found  embedded  in  the  clay  on  the  outside  of  the 
deposit ;  in  one  case  at  a  depth  of  24  yards  from  the  surface, 
and  in  a  mine  which  is  overlaid  by  only  about  4  yards  of  drift. 
Occasionally  these  clays  enclose  small  angular  patches  of  white 
sand,  and  also  angular,  sub-angular,  and  rounded  fragments  of 
haematite.  There  is  also  associated  with  the  clay  a  substance 
called  by  the  miners  "  black  muck,"  an  analysis  of  which  is 
given  on  next  page. 


Il6  THE   IRON   ORES  OF   GREAT    BRITAIN. 

Analysis  of  Black  Muck. 

lWatcrat2i2°  Fahr ni 

Water  combined           5*56 

Peroxide  of  iron           37"88 

Alumina ...        ...        ...        ...         ...        ...  2*86 

Manganese  oxide          "'97 

Carbonate  of  lime         2-34 

Magnesia            ...        ...         ...         ...        ...  '45 

Sulphuric  acid    ... 

Phosphoric  „     ...         ...         ...         ...         ...  1*13 

Insoluble  silicious  matter        36*70 


lOO'OO 


The  miners  sometimes  call  the  dark  vegetable  matter,  pre- 
viously alluded  to,  "  black  muck  "  also  •  but  the  two  substances 
to  which  they  give  that  name,  it  need  scarcely  be  said,  are 
entirely  different,  except  in  outward  appearance. 

Fossils  are  sometimes  met  with  in  the  ore,  but  they  are 
very  rare  and  restricted  in  variety.  They  are  partially  or 
wholly  converted  into  ore.  The  forms  found  by  the  writer  in- 
clude a  nautilus,  and  several  species  of  brachipods  and  corals, 
all  belonging  to  the  carboniferous  limestone.  In  a  specimen 
of  coral  in  the  writer's  possession,  the  stems  for  about  two 
inches  in  length  are  converted  into  haematite,  the  remainder 
being  carbonate  of  lime,  and  there  is  a  gradual  transition  from 
the  haematite  to  the  carbonate  of  lime.  It  has  been  several 
times  asserted,  that  certain  species  of  carboniferous  plants  had 
been  found  in  the  ore,  but  upon  close  inquiry  it  turned  out 
that  there  was  not  sufficient  evidence  to  show  exactly  where 
they  came  from ;  most  probably  it  was  from  the  "  grit-roof,"  as 
the  deposit  in  which  these  plants  were  alleged  to  have  been 
found  had  such  a  "  roof." 

Before  leaving  this  part  of  the  subject  it  is  necessary  to 
notice  the  distribution  of  the  deposits.     In  the  Whitehaven 

1  This  would  have  been  very  much  greater  if  the  analysis  had  been 
made  soon  after  the  sample  was  taken  out  of  the  mine.  Being  kept  for 
about  six  months  in  a  very  dry  place  before  it  was  analysed,  a  consider* 
able  amount  of  water  was  lest. 
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district  this  is  shown  on  Plate  I.  In  Furness  they  are  mainly 
concentrated  around  the  high  ground  about  Haume,  their 
number  and  extent  decreasing  as  the  distance  from  Haume 
increases,  the  only  exceptions  being  the  deposits  at  Stainton, 
Stank,  and  Yarlside,  which  are  adjacent  to  the  two  great  lines 
of  fracture  traversing  the  district. 

Associated  with  the  ore  of  these  deposits  are  frequently 
found  crystals  of  calcite,  crystallised  and  granular  dolomite,  and 
crystals  of  quartz,  more  rarely  barite,  either  laminated  or  in 
tabular  crystals,  also  arragonite  and  pyrite.  In  Fletcher  pit,  at 
Bigrigg,  fluorite  is  not  uncommon.  It  has  also  been  found  in 
Lord  Leconfield's  Bigrigg  mines.  These  latter  mines  have  also 
yielded  a  quantity  of  hausmannite.  It  occurs  in  loughs  in  the 
haematite.    Gothite  has  also  been  found  in  the  same  loughs. 


Fig.  18. — Section  of  Ore-bed  at  Millyeat.      (Scale  16  feet  to  an  inch.) 

Re/rrtncgs-a  Grey  sandstone  sometimes  with  a  purple  tint,  b  Red  shale. 
c<f<f  Haematite,  1,  3,  and  ix  inches  thick  respectively,  a*  Purple  grey  and 
yellow  shale  (clayey).     •  Liver-coloured  shale. 

In  Birks  mines,  pyrolusite  has  been  found,  in  the  Eskett  mines 
manganite,  and  in  Salter  Hall  mines  crystallised  siderite  and 
xanthosiderite.  This  latter  mineral  occurs  along  joints  in  the 
haematite.  In  Hodbarrow  and  Yarlside  mines  a  few  pieces  of 
haematite  have  been  found  presenting  the  form  of  irregular 
clusters  of  hollow  cubes.  The  ore  in  these  situations  seems 
to  have  encrusted  either  pyrite  or  fluorite  which  has  been 
subsequently  removed. 

Deposits  in  the  Upper  Goal  Measures.  The  only 
deposit  of  haematite  in  these  rocks  that  has  been  worked  is 
that  which  occurs  at  Millyeat  near  Frizington,  in  the  northern 
part  of  the  district.  It  is  some  time  since  it  was  worked,  and 
no  record  appears  to  have  been  kept  of  what  was  done,  so 
that  there  is  not  very  much  known  about  it  The  ore  occurs 
in  the  form  of  a  bed,  as  shown  in  Fig.  18. 
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Both  above  and  below  the  ore  there  is  a  thick  bed  of  liver- 
coloured  shale  (6  and  7  of  section  given  in  description  of  coal 
measures).  The  ore,  when  seen  in  the  bottom  of  the  stream 
that  runs  down  by  the  mill,  is  split  up  into  three  minor  beds 
by  intermediate  layers  of  soft  shale,  but  on  the  south-eastern 
side  of  the  valley,  where  it  was  worked  some  years  ago,  it  was 
still  more  divided,  as  shown  by  the  following  section  : — 


1.  Ore 

2.  Clay 

3.  Ore 
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The  quality  of  the  ore  is  very  variable,  but  the  best  of  it  is 
about  as  pure  as  any  that  has  been  found  in  the  district,  as  the 
following  analyses  will  show : — 


Peroxide  of  iron  . 

Phosphate  of  iron 

Silica 

Lime  ...         . 

Magnesia    ... 


Metallic  Iron 


No.  1. 

No.  2. 

97-85 

96*40 

71 

•80 

1.44 

I'20 

trace 

}  160 

100-00 

ioo-oo 

685 


67-48 


The  average  specific  gravity  is  about  4. 

The  appearance  of  the  best  ore,  both  as  regards  colour  and 
texture,  is  very  much  like  the  finest  tool  steel,  but  the  poorer 
ore  is  quite  earthy-looking,  and  of  a  bright  red  colour.  It 
contains  a  large  proportion  of  lime.  In  some  cases,  thin 
irregular  layers  of  limestone  are  actually  seen  in  it,  and  in  some 
places  it  is  very  much  intersected  by  joints.    The  position  of 
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this  ore,  from  stratigraphical  considerations,  is  most  probably 
that  of  the  Spirorbis  limestone l  of  Ayrshire,  Lancashire,  and 
Staffordshire,  although  the  writer  has  not  been  able  to  find  any 
specimens  of  that  organism  in  either  the  ore  or  the  limestone 
with  which  it  is  associated. 

1  This  conclusion  was  first  arrived  at  by  the  Author  in  1878.  Recently 
Mr.  W.  Brockbank  has  discovered  Spirorbis  Carbonarius  at  Frizington 
Hall,  about  half  a  mile  south  of  Millyeat. 
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ALTHOUGH    these    counties    contain    a    considerable 
quantity  of  iron  ore  of  different  kinds,  yet  their  output 
has  never  risen  to  any  economic  importance,  as  will  be  seen 
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on  reference  to  the  statistics  in  Part  I.  They  will  therefore  be 
described  very  briefly. 

The  rocks,  in  which  most  of  the  ores  occur,  belong  to  the 
Devonians;  but  the  area  occupied  by  these  rocks  has  been 
invaded  by  several  large  masses  of  granite,  probably  of  early 
Permian  age ;  in  which,  also,  iron  ore  is  found. 

The  Devonians  have  been  arranged  into  three  divisions  as 
below : — 

fPilton  and  Pickwdl  Down  Group.  Grey  slates 
with  layers  of  impure  limestone,  passing  downwards 
into  red,  brown,  and  yellow  sandstones,  which  are 
micaceous  and  flaggy  at  the  base. 

(Ilfracombe  Group.  Grey  unfossiliferous  slates 
passing  downward  into  calcareous,  fossiliferous 
slates  and  limestones  which  rest  on  sandstones, 
grits,  and  conglomerates. 

Lower    i       Lynton  Group.    Soft  slates  with  thin  limestones 
\  and  sandstones  resting  on  micaceous  sandstones. 

Excepting  a  few  dish-like  deposits  in  the  limestone,  near 
Brixham,  the  ores  are  mostly  found  in  veins,  some  bedded, 
others  apparently  on  the  lines  of  faults.  The  principal  varieties 
of  ore  that  have  been  worked  are  (i)  siderite,  (2)  limonite, 
(3)  haematite,  and  (4)  magnetite.  The  first  is  perhaps  never 
found  without  the  second  being  present  in  the  same  vein,  so 
that  these  two  varieties  will  be  most  conveniently  considered 
together ;  and  perhaps  the  best  example  of  a  vein  containing 
them  is  that  worked  on  Brendon  Hills,  in  West  Somerset,  by 
the  Ebbw  Vale  Company,  at  Raleigh's  Cross  mine. 

Siderite  and  Limonite. 

The  rocks  of  Brendon  Hills  belong  to  the  Middle  Devo- 
nian. Adjoining  the  vein  just  alluded  to  they  have  a  slaty 
character,  and  are  locally  known  as  "  killas."  They  are  grey 
near  the  surface,  but  become  greenish  and  bluish-grey  in 
depth.    The  direction  of  the  vein  is  about  N.  550  W.  and 
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S.  55°  E.,  and  it  hades  southward  at  about  450.  Like  all 
veins  its  width  is  variable,  ranging  from  a  few  inches  to  over 
25  feet,  and  there  are  long  lengths  of  it  quite  barren.  On  the 
footwall,  as  in  many  veins  in  the  Devonians  of  Cornwall  and 
Devon,  there  is  a  variable  thickness  of  "capel,"  the  local 
name  for  a  quartzose  rock  when  occurring  in  this,  or  a  similar, 
position.  The  ore,  in  places,  is  split  up  in  an  irregular  manner 
by  "  horses  "  of  "  killas,"  as  is  the  case  with  perhaps  all  veins 
of  a  similar  character. 

The  upper  part  of  the  vein  contains  cellular  limonite,  with 
some  haematite,  the  former  being  locally  called  brown  and 
black  ore  and  the  latter  red  ore;  but  at  depths,  varying 
from  40  to  260  feet,  in  different  parts  of  the  lode,  cores  of 
siderite  begin  to  appear  in  the  limonite.  These  cores  become 
larger  as  the  depth  increases,  and  on  reaching  an  undulating 
line  ranging  from  about  160  to  310  feet  below  the  surface,  the 
entire  vein,  in  the  ore-bearing  portions,  is  rilled  with  siderite  or 
white  ore,  which  continues  downwards  as  far  as  the  vein  has 
been  worked,  except  for  a  few  pockets  of  u  potty  *  and  brown 
ore,  by  which  it  was  interrupted,  a  few  feet  below  the  line  of 
its  first  appearance.  "  Potty  "  ore  is  the  local  name  applied 
to  cellular  limonite  containing  cores  of  siderite  or  white  ore. 

The  composition  of  the  ores  is  shown  by  the  subjoined 
analyses : — 

Peroxide  of  iron 
Protoxide  of  iron 

,t         tt  manganese 
Lime 

Magnesia  

Carbonic  acid 

vv  aier     . . .         ...         ... 

Insoluble  residue 


Metallic  iron      

Specific  gravity  

The  siderite  is  cellular  to  a  small  extent,  the  limonite  very 
much  so.    The  latter  is  frequently  botryoidal  adjoining  the 


Siderite. 

Limonite. 

•81 

•  •  • 

7371 

4384 

•  •  • 

12-64 

■  ■  • 
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•28 
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•15 
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2*66 

3886 
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•14 

•18 

•  •  • 

11-06 

•08 
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1-56 

100*32 

100*08 

3467 

51-59 

3*68 

•  •  • 

4*05 
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cavities.  Some  of  the  cavities  contain  crystals  of  gothite 
psilomelane  and  manganite. 

Limonite  also  occurs  in  dish-like  hollows  in  Devonian 
limestone,  belonging  to  the  middle  group,  near  Brixham. 
Those  deposits  present  most  of  the  characteristics,  so  far  as 
form  goes,  of  similarly  placed  deposits  in  Furness.  They 
occur  just  below  the  drift,  in  irregular  hollows  in  the  lime- 
stone ;  and  the  ore  is  very  much  broken  up  and  mixed  with 
detrital  matter,  which  has  evidently  been  washed  down  from 
the  surface. 

The  quality  of  the  ore  they  yield  is  shown  below : — 

Peroxide  of  iron           69*58 

Silicious  matter             14*38 

Phosphorus       *io 

Sulphur '15 

water     ...        ...        ...         ...        ...        ...  14*39 

Organic  matter 1-40 

IOO'OO 


Metallic  iron      4870 

A  large  vein  yielding  both  these  ores  has  been  worked  at 
Perran,  in  Cornwall ;  and  numerous  veins  of  limonite  only 
have  been  partially  wrought  in  all  the  three  counties.  These, 
in  all  probability,  if  worked  deeper,  would,  like  the  Brendon 
Hills  veins,  change  into  siderite.  A  vein  of  limonite  worked 
at  Nanjeath,  St  Stephen's,  near  St.  Austell,  yielded  ore  of  the 
quality  indicated  by  the  annexed  analysis : — 

Ferric  oxide       77*83 

Manganous  oxide         0-17 

silica       ...        ...        ...        ...        ...        ...  12*43 

Alumina 2*19 

juims         ...         ...         ...         ...         ...          •••  14 

Magnesia            ...  trace 

Phosphoric  acid            '63 

Sulphur ...  tracts 

»V &i£T        ...  ...  ...  ...  ...  ...  /  ^j 


Metallic  'ron 
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HiEMATITE. 

A  good  example  of  a  deposit  of  this  ore  is  the  vein  near 
Knightor  and  Treverbyn,  about  four  miles  north-east  of  St. 
Austell,  Cornwall.  It  occurs  in  the  granite.  The  direction  of 
the  vein  is  north  and  south  (magnetic),  and  it  has  very  little 
hade,  being  nearly  vertical.  The  width  of  the  ore  varies  from 
an  inch  to  10  or  12  feet,  and  there  are  long  stretches  in  the 
vein  which  are  quite  barren.  The  cheeks  are  much  decom- 
posed for  a  few  fathoms  near  the  surface,  but  assume  more  and 
more  of  the  normal  character  of  the  granite  as  the  vein  is 
worked  downwards.  Irregularly-lenticular  ribs  of  granite 
occasionally  appear  in  the  vein  surrounded  by  ore.  Near  the 
surface,  where  the  ore  is  softer  than  it  is  below,  and  where 
these  granite  ribs  are  so  much  decomposed  as  to  have  lost  all 
coherence,  it  is  most  difficult,  in  working,  to  keep  the  ore  free 
from  silicious  and  aluminous  matter ;  so  that  the  quality  of  the 
ore,  as  it  was  sent  to  the  market,  never  equalled  that  shown  by 
analysis  of  average  samples  taken  direct  from  the  lode.  One 
such  analysis  is  here  given : — 

Ferric  oxide       83*29 

Manganous  oxide         °o8 

OIHC&  •••  •••  •••  •••  •••  •••  ^Jj  vQ 

Alumina  ♦..        ...        ...        •••        ...        ...  1*02 

l«lUlC  ••«  ...  •••  • .  *  • .  •  •  •  •  ****T 

Magnesia            ...         ...        ...        ...        ...  *o8 

Phosphoric  acid            02 

Sulphuric  acid '02 

Water  and  carbonic  add         1*19 


9970 


Metallic  iron      58*30 

A  vein  of  haematite  was  also  worked  in  the  Devonian 
limestone  at  Sharkham  point,  Devonshire. 

Dish-like  deposits  of  haematite  are  also  found  in  this  lime- 
stone occasionally.  One,  worked  in  a  small  way,  at  Ingsdon, 
near  Newton  Abbot,  produced  ore  of  very  good  quality,  as 
shown  by  the  following  analysis  of  a  piece  of  it : — 


MAGNETITE  IN  CORNWALL. 

Peroxide  of  iron  85*00 

Oxide  of  manganese  -20 

Silica      } 
Alumina  3 

▼v o«cr      •••  •  •  •  •  •  •  •  •  •  •  •  •  •••  ^  5 

99*9° 
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Magnetite. 

This  ore  has  been  worked  at  several  places  in  a  small  way. 
For  the  purpose  of  illustration,  a  short  description  will  be  given 
of  a  vein  worked  at  South  Terras,  near  Grampound  Road,  Corn- 
wall. The  rock  forming  the  walls  of  the  lode  is  amphibolite, 
and  there  is  a  strong  "  elvan  "  course  in  close  proximity  to  the 
hanging  wall.  The  vein  has  a  direction  bearing  about  N.  340  £. 
and  S.  340  W.,  and  dips  to  the  north-west  at  about  400. 
When  seen  by  the  writer  the  vein  had  not  been  much  worked, 
but  it  contained  excellent  ore  for  a  width  of  about  six  feet 
In  addition  to  this,  there  was  about  two  feet  of  poorer  ore 
adjoining  the  hanging  wall,  which  needed  concentration  before 
it  could  be  sent  to  the  market,  as  it  was  much  mixed  with 
hornblende.  This  deposit  is  a  bedded  vein  having  the  same 
hade  as  the  strata  in  which  it  lies. 

The  composition  of  the  ore  is  indicated  below  : — 

No.  1.  No.  2. 

Magnetic  oxide  of  iron  84-24 


6936 

1836 

18 

744 
•86 

2' IO 

•14 
•03 

trace 
1*53 

IOO'OO 


Metallic  iron     63-67        ...        62-83 


Peroxide  of  iron           3*84 

Protoxide      ,,  ... 

Protoxide  of  manganese         106 

OIUGa          •••              •••               •••               •••               ••'•  7    S I 

Alumina            1-35 

UniC                 ■  *  a                    t,,                     (aa                    aaa                     .  »  ,  U"&C6 

Magnesia           trace 

Phosphoric  acid            trace 

Sulphuric     ,,     ...         ...         ...        ...  trace 

waver     ...         ...          .,.          «..          . ..  2*00 
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As  already  said,  none  of  these  ores  have  yet  been  worked 
extensively,  but  it  is  very  likely  that  they  will  be  sought  after 
as  the  more  abundant  ores  of  West  Cumberland,  Furness,  and 
Bilbao  become  exhausted. 


CHAPTER    IV. 

THE  UMONITES  OF  THE  FOREST  OF  DEAN  AND 

SOUTH  WALES. 

THE  Forest  of  Dean  is  perhaps  the  most  interesting  iron- 
ore  district  of  Britain  from  the  archaeologist's  standpoint, 
but  from  that  of  the  geologist  it  cannot  compare  with  West 
Cumberland. 

Very  little  has  been  written  on  the  limonite  deposits  of 
either  the  Forest  or  South  Wales.  The  following  papers  are 
all  that  have  come  under  the  notice  of  the  writer  : — 

On  the  Iron  Ores  of  the  Forest  of  Dean  in  "  Papers  on 

Iron  and  Steel,"  by  David  Mushet,  1840. 
"The  Ironstone  Formation  fcf  the  Forest  of  Dean,"  by 

Dr.  J.  W.  Watson.     The  Geologist,  1858. 
"  The  Haematite  Deposits  of  Glamorganshire,'1  by  Dr.  J.  W. 

Watson.     The  Geologist,  1859. 
In  the  "  Iron  Ores  of  Great  Britain,"  Geological  Survey 

Memoir,  published  in  1861,  there  is  a  very  short  notice 

of  the  Llantrissant  deposit. 
"The  Forest  of  Dean  Coalfield,"  by  H.  R.  Insole  and 

C.  Z.  Bunning.     Vol.   vi.,  no.  5,   Transactions  of  the 

British  Society  of  Mining  Students. 
"  The  Haematite  Deposits  of  the  Southern  Outcrop  of  the 

Carboniferous  Limestone  of  South  Wales,"  by  Stephen 

Vivian.    Proceedings  of  the  South    Wales  Institute  of 

Engineers,  vol.  xiv.,  no.  3. 
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"The  Mwyndy  Mines,"  by  W.  Morgan.     Proceedings  of  the 
Cardiff  Naturalists'  Society,  1870. 

Geological  Structure. 

Forest  of  Dean.  The  geological  structure  of  the  Forest  of 
Dean  is  comparatively  simple.  The  rocks  represented  belong 
to  the  carboniferous  system,  and  consist  of  coal  measures,  mill- 
stone grit,  and  carboniferous  limestone,  the  latter  resting  on  the 
Devonians.  They  form  an  irregular  basin,  the  centre  of  which 
is  occupied  by  the  coal  measures ;  the  millstone  grit  and  car- 
boniferous limestone  coming  to  the  surface  in  bands  of  varying 
width  along  the  rim  of  the  basin.  On  the  south-eastern 
side  these  latter  rocks  thin  out,  and  disappear  entirely,  being 
overlapped  by  the  coal  measures,  which,  for  a  distance  of 
about  three  miles,  rest  directly  on  the  Devonians.  The  lime: 
stone  band  is  very  much  narrower,  and  more  regular  in  width 
on  the  east  than  on  the  west  side  of  the  basin.  This  is  owing 
to  the  difference  of  dip,  which  on  the  east  is  about  6o°  with 
the  horizon,  whilst  on  the  west  and  north  it  is  only  from 

5°  to  1 50. 

The  millstone  grit  consists  of  coarse  grit  (known  locally  as 
"  farewell  rock  ")  and  sandstone,  with  thin  beds  of  marl.  It 
has  a  maximum  thickness  of  about  680  feet.  In  the  lower 
part  of  this  formation  there  is  a  deposit  of  limonite  known  as 
the  <c  sandstone  vein,"  or  "  sandstone  mine  formation,"  which 
has  been  worked  to  a  limited  extent  on  the  west  side  of  the 
Forest.     It  varies  in  thickness  from  6  inches  to  8  feet. 

The  carboniferous  limestone  has  a  maximum  thickness  of 
about  650  feet ;  the  upper  460  feet  being  mostly  limestone 
with  thin  beds  of  shale.  The  lower  part  (190  feet  thick),  called 
the  lower  limestone  shale,  consists  largely  of  shale  with  thin 
beds  of  limestone.  Near  the  upper  part  of  the  thick  limestone 
occurs  most  of  the  iron  ore  that  is  raised  in  the  Forest  of 
Dean.  A  section  of  some  of  these  beds  as  they  occur  on  the 
east  side  of  the  Forest  is  as  below  : — 
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Millstone  Grit.  Thickness. 

Whitehead  limestone  (grey)  with  shale   )  ic— 20  vds 

partings  up  to  12  inches  thick.  J 

Crystalline    limestone,    locally    called  \ 

"  crys,"  or  "  crease,"  or  "  mine  mea-   I  10 ^ 

sures,"  containing  large,  irregular  de-   j 

posits  of  limonite.  ' 

Little  red  limestone       2—4  feet. 

Grey  limestone 10 — 15  yds. 

Main  red  limestone        80 — 95  „ 

Between  the  whitehead  limestone  and  the  crys  there  is  a 
stone  of  variable  thickness,  but  seldom  exceeding  2  or  3  feet, 
locally  called  "  lidstone,"  consisting  of  "  crys  "  and  shale  mixed 
together  in  a  somewhat  confused  manner. 

The  limestone  both  above  and  below  the  "  crys  n  is  distinctly 
bedded,  but  the  crys  itself,  as  a  rule,  shows  no  signs  of 
bedding,  although  traces  of  it  may  be  seen  occasionally.  It 
is  in  the  crys  that  the  bulk  of  the  ore  found  in  the  Forest 
occurs,  but  smaller  deposits  are  found  between  the  grey  and 
the  main  red  limestones.  The  ore  hitherto  worked  has  been 
obtained  along  the  outcrop  of  the  crys  and  associated  beds, 
and  down  to  a  depth  on  the  east  side  of  the  Forest  of  about 
225  yards,  and  to  about  120  yards  on  the  west  side.  The 
course  of  the  ore-bearing  rocks  on  the  surface  is  known  as 
the  "  mine  train."  It  is  marked  by  numerous  old  workings, 
locally  called  "  scowles,"  many  of  which  are  doubtless  the  work 
of  the  Romans. 

South  Wales. — The  South  Wales  deposits  also  occur  in  the 
carboniferous  limestone,  and  mainly  along  the  southern  edge 
of  the  coalfield  between  Rudry  and  Llanharry.  The  lower  coal 
measures,  consisting  of  blue  shale,  locally  called  "  clod,"  rest 
directly  on  the  limestone  near  Llantrissant.  The  latter  rock 
is  of  considerable  thickness,  and  very  little  split  up  by  shale. 
Both  coal  measures  and  limestone  dip  northward  at  an  angle 
of  about  350  with  the  horizon. 

Resting  transgressively  across  the  eroded  edges  of  the  rocks 
last  named  are  considerable  patches  of  dolomitic  conglomerate 
belonging  to  the  lower  part  of  the   upper  Trias,  consisting 
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chiefly  of  angular  fragments  of  limestone,  with  which,  in  places, 
a  large  quantity  of  iron  ore  (limonite)  is  mixed  up. 

As  in  the  Forest  of  Dean,  the  ore  here  is  mainly  confined 
to  the  upper  beds  of  limestone,  the  larger  part  of  that  hitherto 
worked  having  come  from  the  beds  just  below  the  coal 
measures  between  Llanharry  and  Mwyndy,  but  a  considerable 
quantity  of  ore  has  been  worked  in  the  middle  and  lower  beds 
at  Garth  and  Rudry  respectively. 

Form  and  Inner  Nature  of  Deposits. 

Forest  of  Dean. — Both  in  the  Forest  of  Dean  and  South 
Wales  the  deposits  have  the  form  of  filled  caverns.  In  the 
former  locality,  as  already  mentioned,  they  occur  in  the  crystal- 
line limestone  called  "  crys."  They  are  met  with  in  all  parts 
of  this  bed,  sometimes  being  along  the  "  lidstone."  At  other 
times  they  follow  the  "underedge,"  as  the  stone  is  called  which 
underlies  the  crys,  or,  they  may  extend  from  lidstone  to  under- 
edge. Frequently  they  are  entirely  within  the  crys  and  to- 
wards the  centre  of  it.  They  are  of  all  sizes,  up  to  chambers 
which  would  hold  60,000  tons  of  ore.  At  least  one  deposit 
has  been  met  with  as  much  as  350  yards  long,  12  to  14  yards 
high,  and  nearly  the  same  in  breadth.  The  chambers  or 
"  chums,"  as  they  are  called  locally,  are  in  some  parts  of  the 
"  mine  measures  "  very  numerous.  They  are  then  united  to 
one  another,  as  a  rule,  by  small  strings  or  "  leads  "  of  iron  ore. 
The  largest  "  churns  "  occur  near  the  surface,  and  they  become 
less  and  less  in  depth.  Those  near  the  surface,  that  have  had 
their  upper  parts  removed  by  denudation,  have  the  appearance 
of  the  dish-like  deposits  of  Furness.  On  the  west  side  of  the 
Forest,  near  Clearwell,  for  example,  where  the  limestone  beds 
have  a  low  angle,  these  dish-like  deposits  have  been  numerous, 
and  all  worked  "opencast."  An  examination  of  the  old 
"  scowles  "  in  that  neighbourhood  gives  one  a  very  fair  idea  of 
the  forms  of  the  "  churns,"  but  they  throw  no  light  on  the  inner 
nature  of  the  deposits,  as  all  the  ore  has  been  removed  from 
them  years  ago ;  some  of  it,  no  doubt,  by  the  Romans. 
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As  is  the  case  with  all  similar  deposits  in  limestone,  the 
chums  have  very  irregular  outlines,  tongues  of  ore  protruding 
into  the  limestone,  and  vice  vend.  These  tongues  invariably 
follow  one  or  other  of  the  two  sets  of  vertical  joints. 

Figure  19  is  a  section  of  the  Westbury  Brook  mine  on  the 
east  side  of  the  Forest.  This  is  the  deepest  iron  mine  in  the 
Forest,  and  the  section  will  give  a  better  idea  of  the  forms  of 
the  chums  and  their  mode  of  occurrence  in  the  crys  than 
many  words. 


Fig.  19. — Section  of  Westbury  Brook  Mine.    (Scale  400  feet 
to  >n  inch). 


Between  the  grey  and  the  main  red  limestone)  there 
frequently  occurs  a  joint  of  ore,  as  shown  at  e  in  Fig.  19,  large 
enough  to  be  worked.  A  joint  of  this  kind  has  been  followed 
at  Westbury  Brook  for  a  length  of  a  quarter  of  a  mile.  Here 
and  there  it  was  connected  by  cross-ore  joints  with  the  chums 
in  the  crys. 

A  careful  consideration  of  the  preceding  remarks  will  show 
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the  absurdity  of  the  attempts  that  have  been  made  to  fix  the 
yield  per  acre  of  these  deposits.  Assuming  they  had  been 
scattered  through  the  crys  with  anything  like  regularity — 
which  they  are  not — it  is  quite  clear  that  the  production  per 
acre  must  have  varied  very  seriously  owing  to  the  great 
variations  in  the  dip  of  the  crys  and  its  associated  beds. 
Take  two  extreme  cases,  one  in  which  the  beds  are  level,  the 
other  where  they  are  vertical ;  it  must  be  apparent  to  any  one 
that  the  latter  would  contain,  in  a  given  area,  a  much  larger 
quantity  of  ore  than  the  former. 


Fig.  20.— Section  of  Tfecastli  Deposit. 

Rtf*. 

South  Wales. — The  forms  of  the  South  Wales  deposits  are 
more  dependent  upon  their  position  than  those  of  the  Forest. 
If  they  are  immediately  under  the  coal  measures,  as  at  Trecastle, 
Bute,  and  Mwyndy,  they  assume  a  vein-like  form  with  a  cover- 
ing of  drift,  or  drift  and  conglomerate,  having  the  coal  measures 
and  sometimes  the  dolomitic  conglomerate  as  a.  hanging  wall,  and 
the  carboniferous  limestone  as  a  "  lying  "  or  foot  wall ;  being, 
moreover,  of  considerable  length  as  compared  with  the  breadth 
or  depth.    Figure  20  is  a  cross  section  of  the  Trecastle  mine 
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after  Mr.  S.  Vivian.  The  course  of  the  deposit  here,  as  also  of 
those  at  Bute  and  Mwyndy,  was  nearly  east  and  west,  dipping 
to  the  north  under  the  coal  measures  at  an  angle  of  about  350. 
The  hanging  wall  was  fairly  regular,  but  the  foot  wall  was 
very  irregular,  so  that  the  deposit  varied  much  in  breadth; 
moreover,  tongue-like  projections  of  ore  extended  here  and 
there  from  the  main  body,  in  a  southern  direction  into  the 
hanging  wall,  for  a  considerable  distance — as  much  as  60  feet 
in  one  place.  These  tongues  or  branches  followed  the  lines 
of  jointing  in  the  limestone.  Some  of  them  occurred  near  the 
surface,  and  the  upper  part  had  been  removed  by  denudation, 


SasW 


N55L 


Fig.  21. — Section  of  Llan harry  Deposit.    (Scale  50  feet  to  an  inch.) 

References— A  Superficial  Deposit    B  Dolomitic  Conglomerate.    0  Carboniferous 

Limestone.    D  Limonite. 

so  that  they  looked  like  filled  troughs.     The  upper  part  of  the 
ore  at  Mwyndy  and  Bute  was  worked  opencast,  the  lower  part 

by  mines. 

Where  the  deposits  are  entirely  in  limestone,  except  for  the 
covering  of  drift,  as  at  Garth,  they  have  more  the  appearance 
of  the  churns  in  the  Forest  of  Dean ;  and,  in  the  main,  have 
the  same  dip  as  the  limestone,  though,  at  times,  they  cut 
across  the  beds  of  that  rock. 

The  South  Wales  deposits  are  sometimes  overlain  by  the 
dolomitic  conglomerate,  as  shown  in  Fig.  21,  which  is  a  section 
of  the  ore  as  seen  at  Llanharry. 
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Inner  Nature  of  Deposits. 

Forest  of  Dean.  When  we  come  to  look  closely  at  the 
contents  of  the  deposits  we  find,  in  the  Forest  of  Dean,  three 
principal  kinds  of  ore. 

First. — Brush  ore.  A  hard,  dark  brownish-purple  cellular 
limonite.  The  walls  of  the  cavities  in  it  are  frequently 
mammillated,  others  are  lined  with  crystals  of  calcite  or  quartz. 
Sometimes  they  are  filled,  or  nearly  so,  with  crystallised  calcite. 
The  ore  is  then  known  locally  as  "grey  burler."  When 
11  brush  "  is  mixed  with  brown-ochry  ore  it  is  known  as  "  brown 
burler."  Frequently  it  presents  a  stalactitic  form,  numerous 
small  stalactites  occurring  within  the  cells,  which  are  so  abun- 
dant in  this  ore.  The  walls  of  the  "  churns  "  are  often  lined 
with  brush,  and  when  in  that  situation  it  is  known  as  "  clingings," 
or  "  scabbings."  The  larger  cavities  in  the  hard  ore  are  called 
"  pooches." 

Second. — Smith  ore.  Also  limonite,  but  in  a  powdery  and 
gravelly  condition. 

Third. — Grey  ore.  A  low  grade  ore  composed  of  "  brush  " 
and  dolomite,  the  latter  mineral  having  apparently  filled  up  the 
interstices  of  what  was  once  very  cellular  stalactitic  brush. 

The  composition  of  these  ores  is  given  in  the  following 
table : — 


Brush. 

Smith. 

Grey. 

Peroxide  of  iron             

9005 

8976 

tf^ 

Protoxide  of  manganese 

08 

04 

16 

**-  *  1  *\»4»                 ••■                  •••                  •••                  ••• 

107      | 

1-57 

•86 

Alumina  ... 

1 

63 

'12 

JflUlC                   •••                   •••                   •••                   ••• 

06 

49 

14-07 

Magnesia... 

•20 

•40 

IO'2I 

Carbonic  acid      

— 

2075 

Phosphoric  acid             

•09 

•13 

06 

w  nicr          •••              •  •  •              •••              ••• 

9*22 

705 

1 

5-18 

X  O will             • « #             « » #              •  •  # 

100*77 

100*07 

IOO39 

Metallic  iron       

63-03 

6283 

1 

3428 
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These  are  all  picked  samples,  the  two  latter  analyses 
especially  showing  in  excess  of  the  average  metallic  yield  of  the 
respective  classes  of  ore.  In  the  case  of  Smith  ore  the  average 
yield  of  iron  ranges  from  50  to  54%,  whilst  in  grey  ore  it  is  not 
unfrequently  as  low  as  18%. 

The  specific  gravity  of  the  brush  is  about  3*65,  of  the  "  grey 
burler"  3*17,  of  the  "brown  burler"  3*04,  and  of  the  "grey" 
ore  2*83. 

The  three  kinds  of  ore  are  not  kept  separate  in  working, 
but  are  sent  to  the  market  mixed  together.  They  then  yield 
from  35  to  40  per  cent,  of  metallic  iron.  The  following  analysis 
is  an  average  of  160  samples. 


Ferric  oxide     ... 
Silica      ...         ... 

Alumina 

Lime      ...        ... 

Magnesia 

Potash 

Carbonic  acid  ... 
Phosphoric  „  ... 
Sulphuric  „  ... 
Water  combined 
hygroscopic 


»» 


Total 
Metallic  iron    ... 


51-984 

17934 

2859 

1*906 

-280 

029 

2512 

•160 

•095 

8847 
13360 

99*966 
36'33 


The  "  Smith  "  ore  forms  about  two-thirds  of  the  whole.  It 
ofen  occurs  with  alternating  irregular  layers  of  red  and  yellow 
oare,  which  give  the  deposit  quite  a  bedded  appearance.  In 
sone  places  these  layers  are  nearly  level ;  at  other  parts  of  a 
doosit  they  have  the  same  inclination  as  the  "  crys." 

Some  gothite  and  turgite  are  also  met  with  in  the  deposits, 
bu  not  much. 

Among  the  ore,  in  places,  masses  of  white  sand  and  fine 
toigh  clay  occur,  similar  to  those  found  in  the  Furness 
deosits. 

South  Wales.  In  the  South  Wales  deposits  we  also  meet 
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with  the  purply-brown  cellular  limonite,  in  places  stalactitic 
and  botryoidal ;  but  the  greater  part  of  the  ore  in  some  deposits, 
as,  for  instance,  that  at  Trecastle,  is  softer,  and  yellow  or 
brownish-yellow  in  colour.  Many  of  the  smaller  cells  in  the 
harder  ore  have  b^tn  filled  with  quartz  and  calcite.  The  larger 
cavities  are  lined  with  these  minerals.  Some  of  the  harder  ore 
found  at  Trecastle  is  haematite,  locally  known  as  "  blue  iron." 
At  Mwyndy  there  is  rather  more  of  this  ore.  It  occurs  in 
close  association  with  the  hard  cellular  limonite. 

The  chemical  composition  of  the  ores  is  shown  by  the 
following  analyses : — 


Limonite 

Hjematite 

(Trecastle). 

(Mwyndy). 

Peroxide  of  iron   ... 

•  •  • 

•  •  • 

747* 

•  ■  • 

70-57 

Protoxide  of  manganese 

•     •  V  ■ 

•  •  • 

19 

■  •  • 

•52 

Silica          

■  •  • 

•  •  • 

3*86 

•  •  • 

1836 

Alumina     

•  ■  • 

•  •  • 

1*90 

•  •  • 

i*57 

Lime           ...         ... 

*  •  ■ 

•  •  • 

5-56 

•  •  • 

356 

Magnesia    ... 

■  •  • 

•  •  • 

94 

•  ■  • 

131 

Carbonic  acid 

•  m  • 

•  •  ■ 

490 

•  ■  • 

271 

Phosphoric  acid    ... 

•  ■  • 

•  •  • 

•01 

•  •  • 

•13 

Sulphur 

•  •• 

•  •  • 

•02 

•  •  • 

•30 

Water  combined   ... 

•  ■  • 

•  ■  • 

7-64 

•  •  • 

— 

»     hygroscopic 

•  •  • 

•  •  • 

•  •  • 

•  •  • 

0*24 

•  ■  • 

•  •  • 

•66 

Total  ... 

99*97 

9969 

Metallic  iron 

•  •  • 

■  ■  • 

52*29 

•  •  • 

49*39 

The  specific  gravity  of  the  "blue  iron"  is  about  4*1,  ad 
of  the  average  brown  and  yellow  ore  from  3*27  to  3*63. 

A  little  pyrite  and  some  barite,  as  well  as  quartz  and  calcfe, 
are  found  associated  with  these  ores. 


CHAPTER    V. 

THE  SIDERITE   AND   LIMONITE    OF  ALSTON  AND 

WEARDALE. 

THE  tract  of  country  intersected  by  Weardale,  the  two 
Allendales  and  the  South  Tyne,  is  occupied  by  Yoredale 
rocks.  These  rocks  are  traversed  by  numerous  veins,  from 
which  large  quantities  of  galena  have  been  extracted ;  in  fact, 
at  one  time,  this  was  the  most  important  lead-producing  area 
in  Britain.  Associated  with  these  lead  veins,  but  not  worked 
separately  until  about  forty-eight  years  ago,  are  the  siderite 
and  limonite  under  consideration,  which  are  locally  known  as 
"  rider."  Very  little  has  been  written  about  these  ores ;  indeed, 
their  comparatively  small  economic  importance  has  left  them 
almost  unnoticed. 

The  following  are  the  only  papers  known  to  the  author  in 
which  they  are  described,  even  briefly : — 

Geological  Survey  Memoir^  "  Iron  Ores  of  Great  Britain," 

Part  i,  by  W.  W.  Smyth,  1856. 
"  On  the  Occurrence  of  Lead,  Zinc,  and  Iron  Ores  in  some 

Rocks  of  Carboniferous  Age   in  the  North-West  of 

England/'  by  C.  E.  de  Ranee.     Geological  Magazine, 

vol.  x.,  1873. 

The  nature  of  the  rocks  occurring  in  the  area  under  con- 
sideration, and  which  belong  to  the  Yoredale  series,  will  be 
understood  from  the  section  below. 
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Local  names  used  in  the  section — 


Plate 

Hazle 

Grey-beds 

Sill 
Girdle  beds 


=  shale. 

=  sandstone. 

=  thin  alternating  beds  of  sandstone  and 

shale. 
=  hard,  laminated  micaceous  sandstone. 
=  sandstone,  thin  alternating  layers,  hard 

and  soft. 


Section  of  Yoredale  Rocks,  as  Developed 


Base  of  Millstone  Grit. 
Fell  Top  limestone  ... 

Coal 

Hazle,  or  upper  coal  sill 

1  lftlv      •••  •••  •  •  • 

Hazle,  or  Whetstone  sill 

*  IstiC      •  •  •  •  ••  •  •  « 

XXcLZlw    *«•  •  •  •  »  »  s 

1  IaIC      •  •*  *••  ■•• 

Upper  slate  sill 

F  IaIC      •••  •••  •  •  • 

Lower  slate  sill 

ST  I*  IC      •••  •••  •  •  • 

Hazle,  or  hard  dry  slate 

*  l&vC      • . •  ...  ... 

Ironstone  and  coal  ... 
Firestone       

ST  In  VC     •  •  •  •••  •  •  • 

White  tuft     

Girdle  bed 
Pattinson's  sill  or  hazle 

a  InlC      «■•  ••■  •■• 

Little  limestone 

*  iaie   ..«         ...         ... 

V^Oftl     •  •  •  ...  ... 

High  coal  sill 

i  mc    ■••  •  •  •  •  •  • 

v^vcll       *•■  •••  •  • « 

Low  coal  sill 


at  Alston. 

Ft. 

In. 

4 

6 

o 

8 

12 

o 

30 

o 

9 

o 

12 

0 

12 

0 

7 

o 

24 

o 

7 

6 

21 

o 

30 

o 

9 

0 

21 

o 

4 

6 

33 

o 

24 

o 

ii 

o 

17 

o 

6 

o 

13 

o 

12 

0 

18 

o 

9 

0 

18 

o 

i 

6 

12 

o 

7 

6 

i 

0 

IO 

0 
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Base  of  Millstone  Grit. 

Ft. 

In. 

Plate 

•  •  a 

•  •  • 

•  •  a 

•  •  • 

aaa 

18 

O 

Groat  limestone  (uppermost  16  feet  called  " 

Turn- 

bier  Beds'*) 

•  ■  ■ 

•  mm 

•  a  a 

•  •  • 

aaa 

63 

O 

Tuft  or  water  sill 

•  •  • 

a*  • 

a  a  a 

•  *  ■ 

a  •  1 

9 

O 

Plate 

■  •  • 

■  ■  a 

•  a  a 

a  a  • 

a  a  • 

21 

O 

Small  limestone 

•  •  • 

•  a  • 

a  •  • 

a  •  • 

•  a  a 

1 

6 

Quarry  hazle 

•  •  ■ 

a  •  • 

•  •  a 

mm  a 

aaa 

30 

O 

Plate 

•  •  • 

•  •  • 

a  a  • 

a«« 

•  m  • 

33 

O 

Sill  bed 

•  ■  • 

•  •  • 

a  a  a 

aaa 

aaa 

7 

6 

Four-mthom  limestone 

a  •  a 

a  ■  a 

•  M 

•  a  a 

24 

0 

Nattriss  Gill  hazle 

•  •  • 

■  m  a 

•  •  • 

•  •  • 

•  m  • 

18 

0 

4  mc     m  a  a                 •  •  • 

■  •  • 

a  a  a 

•  a  • 

•  •  • 

a  a  • 

33 

0 

Three-yards  limestone 

•  •  • 

a  a>  a 

a  ■  • 

•  •• 

9 

0 

Six  fathoms  hazle 

■  ■  • 

•  •  • 

■  a  a 

I  •  ■ 

aa* 

36 

0 

Plate 

•  •  • 

•  a  a 

a  •  a 

aaa 

•  •• 

10 

6 

Five-yards  limestone 

•  •  a 

•  •  a 

•  mm 

•  •  • 

7 

6 

Slaty  hazle     ... 

•  •  • 

aai 

■  •  • 

!•• 

aaa 

12 

0 

Plate 

■  •• 

a  ■  • 

•  •• 

I  ■  • 

aaa 

18 

0 

Sear  limestone 

•  •  • 

a  a  a 

•  •• 

•  a  • 

aaa 

30 

0 

Plate 

•  •  • 

•  a  • 

•  a  a 

a  a* 

aaa 

3 

0 

Hazle  ...         ... 

•  a  • 

■  a  a 

•  •• 

m  •  m 

•  a  a 

3 

0 

Coal     ... 

•  •  • 

•  •  • 

•  a  • 

a  a  m 

•  •  • 

0 

6 

Plate 

•  *  a 

•  •  a 

•  •• 

m  • 

•  »a 

7 

6 

Hazle  ...         ... 

•  •  0 

•  •• 

a  ■  a 

aai 

•  a  a 

12 

0 

Plate 

•  •  m 

•  a  a 

a  a  ■ 

•  •  ■ 

aaa 

3 

0 

Hazle ... 

•  •  • 

•  •a 

•  ■• 

•  a  a 

■  ■  a 

2 

0 

Plate 

•  a  • 

aaa 

a  a  • 

aaa 

ail 

9 

0 

Hazle ...        ... 

aaa 

■  a  a 

•  «  • 

•  •  1 

aaa 

2 

0 

Plate 

a  •  ■ 

aaa 

a  a  ■ 

a  •  • 

aaa 

2 

0 

Hazle 

•  a* 

•  a  • 

■  •  a 

•  a  • 

a  a  • 

1 

0 

Cockle-shell  limestone 

•  mm 

a  a  a 

mm  m 

•  1  ■ 

2 

0 

Hazle 

a  ■  • 

a  a  a 

a  •  • 

a  •  a 

•  •  • 

2 

6 

Plate 

•  •• 

aaa 

•  •« 

aaa 

aaa 

1 

0 

Hazle 

a  a  • 

in 

•  a  • 

aaa 

aaa 

9 

0 

Plate 

•  •• 

a  a  a 

a  •  • 

a  a  • 

•  •• 

5 

0 

Single-poet  limestone 

•  •• 

•  aa 

aaa 

•  mm 

6 

0 

Plate 

*  a  • 

a  a  a 

•  a  ■ 

aaa 

aaa 

3 

0 

Greystone 

•  t  • 

as* 

•  a  a 

•  a  a 

aaa 

3 

0 

Plate  and  grey  beds  in 

alternating  layers 

a  •  a 

54 

0 

Tyne-bottom  limestone 

mm  m 

a  a  a 

aaa 

•  mm 

24 

0 

X  vUU  an  aaa  aai 

Aggregate  thickness  of  the  limestone 


932      8 


180 
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The  strata  have  a  very  slight  inclination  to  the  east ;  and 
the  more  important  beds,  especially  the  limestones,  are  fairly 
constant  over  a  large  area. 

A  little  way  below  the  Tyne-bottom  limestones  (but  over 
it  in  adjoining  districts),  is  an  intrusive  mass  of  basalt,  known 
as  the  "whin  sill/  It  follows  the  bed  planes  of  the  sedi- 
mentary strata  over  large  areas,  and,  on  that  account,  has, 
until  a  few  years  ago,  been  looked  upon  as  contemporaneous 
with  that  strata.  By  many  persons  this  rock  is  supposed  to 
have  had  an  important  influence  in  the  formation  of  the 
mineral  veins  of  the  district;  but  such  an  idea  is  quite  un- 
tenable, for  the  veins  cut  through  the  basalt,  and  that  rock 
is  thrown  by  the  faults,  along  which  the  veins  have  been 
formed,  just  as  the  other  rocks  are,  showing  that  the  faults, 
and  therefore  the  veins,  are  younger  than  the  basalt  The 
age  of  the  basalt  is  probably  Early  Permian. 

The  majority  of  the  veins  traversing  these  rocks  are  usually 
divided  into  (i)  right-running  veins,  which  course  approxi- 
mately east  and  west;  and  (2)  cross  veins,  having  a  nearly 
north  and  south  direction.  But  there  are  some  veins  having 
a  course  between  these  two.  They  are  called  quarter-paint 
veins.  The  east  and  west  veins  appear  to  be  the  older  of 
the  two  main  sets,  for  they  are  frequently  shifted  by  the 
cross  veins. 

Most  of  the  veins  are  on  the  lines  of  faults,  some  having 
only  a  few  feet  of  throw,  others  a  great  many  fathoms. 

The  iron  ores  found  in  the  veins  are  of  three  principal  kinds, 
known  locally  as  (1)  white,  (2)  grey,  and  (3)  brown.  The  first 
two  are  siderites,  the  last  limonite,  which  has  clearly  resulted 
from  the  alteration  of  siderite.  Their  chemical  constitution 
is  shown  by  the  following  analyses : — 

Siderite.  Limonite. 

No.  1.     No.  2.  No.  3.     No.  4. 

Peroxide  of  iron         ...           —  *82  ...  71- 16  65*90 

Protoxide     „             ...  49*47  49*79  —  '04  — 

Dioxide  of  manganese             —  —  ...  —  6*45 

Proto  manganese       ...          2*42  1-92  ...  6*59  — 
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SlDERITE. 

LlMONITE. 

No.  I. 

No.  2. 

No.  3. 

No.  4. 

493 

200 

•  •  • 

404 

13*00 

trace 

i-io 

•  •  • 

2*37 

100 

347 

3*98 

•  •* 

•69 

trace 

315 

283 

•  •  • 

1-96 

i» 

3771 

37*23 

•  *  • 

•10 

•17 

trace 

trace 

•  •  • 

•22 

trace 

08 

•04 

•  •  • 

— 

— 

— 

•26 

•  •  ■ 

•  •  • 

•  ■  • 

12-43 
99*6o 

1270 

10123 

99-97 

99*22 

3856 

39*25 

4981 

46-13 

silica    ...  ...         ... 

Alumina  

Lime 
Magnesia 

Carbonic  acid 

Phosphoric  „  ... 

Sulphur  

Total     

Metallic  iron    ... 

The  specific  gravity  of  the  spathic  ore  may  be  taken  at 
2-88  to  3*5,  and  the  limonite  at  3  to  3-6.  The  siderite,  or 
white,  or  grey  ore,  contains  numerous  cavities  called  "  lochs  " 
or  "lofs,"  which  are  lined  with  crystals  of  one  or  more  of 
the  following  minerals :  siderite,  quartz,  calcite,  fluorite, 
dolomite,  etc.  Some  of  the  lofs,  which  originally  existed  in 
this  ore,  appear  to  have  been  subsequently  filled,  or  partially 
so,  by  siderite,  which  has  invested  the  fluorite  and  other  crystals 
that  had  previously  formed  in  the  walls  of  the  lofs. 

The  limonite,  or  brown  ore,  is  very  cellular,  much  more 
so  than  the  siderite ;  and  it  has  sometimes  a  mammillated  form 
in  the  walls  of  the  cells.  Frequently  this  brown  ore  forms  the 
walls  of  the  lofs  in  the  siderite;  indeed,  it  seems  as  if  the 
alteration  from  the  carbonate  to  the  peroxide  had  in  a  great 
measure  proceeded  from  these  lofs.  The  walls  of  lofs  in 
the  brown  ore  are  also  lined  with  the  minerals  mentioned 
above,  as  occurring  in  the  cavities  of  the  siderite.  Both  kinds 
of  ore  have  a  considerable  quantity  of  galena  scattered  through 
them,  in  places  where  the  veins  happen  to  be  lead-bearing ;  in 
other  parts  they  are  quite  free  from  this  mineral.  Sometimes 
it  occurs  in  solitary  cubes ;  but  more  frequently  in  irregular 
interfering  aggregations  of  such  forms. 

The  rider  is  only  suitable  for  metallurgical  purposes  in 
those  parts  of  the  veins  which  have  one  or  both  "  walls  "  of 
limestone. 
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The  forms  assumed  by  the  ore  in  the  veins  are  practically 
two, — (i)  as  ribs  of  various  and  varying  breadths,  from  an 
inch  or  two  to  18  or  20  feet.    These  ribs  have  the  same  hade 
as  the  veins  in  which  they  occur,  and  are  found  along  one  or 
both  walls,  according  to  the  mineralogical  character  of  these 
walls.      For   example,   if   one  be  limestone  and  the  other 
sandstone,  due  to  the  throw  of  the  fault  by  which  the  vein 
runs,  the  workable  rider  will  be  along  the  limestone  wall  only. 
If  both  walls  are  limestone,  and  the  vein  carries  lead,  there 
are  usually  two  ribs  of  rider,  one  on  each  wall,  the  galena  being 
between  them ;  or,  again,  the  rider  may  extend  from  "  wall  to 
wall,"  where  the  vein  is  not  lead-bearing  and  both  walls  are 
limestone,  as,  for  example,  the  deposit  that  was  worked  in  the 
Scar  limestone,  on  the  Manor  House  vein,  near  Alston  Station ; 
(2)  as  "flats,"  or  irregular  beds  of  ore,  projecting  several 
feet  from    the  vein    into  the   different    limestones.      These 
flats  have  usually  the  same  inclination  as  the  limestone  in 
which  they  occur.     In  the  great  limestone,  and  also  in  the 
Scar  limestone,  there  are  three  levels  at  which  the  vein  usually 
flats,  known  as  the  upper,  middle,  and  lower  flats.    The  ores 
are  not  confined  to  veins  having  any  particular  direction,  but 
occur  in  all,  and  in  each  of  the  limestones ;  principally,  how- 
ever, in  the  Great,  Scar,  and  Tyne-bottom  limestones.    Where 
the  ores  adjoin  the  limestone,   there  is  a  gradual  passage 
from  one  to  the  other,  i.e,  from  ore  to  limestone,   or  vice 
versd.    This  feature,  and  the  manner  in  which  the  ore  of  the 
flats  follows  the  joints  in  the  limestone,  may  be  very  clearly 
seen  in  the  great  limestone  at  Stanhope,  near  the  West-pasture 
mine. 

Years  ago,  before  the  nature  of  the  "  rider  "  was  understood, 
or  before  its  value  was  appreciated,  it  used  to  be  avoided  in 
the  mine ;  but  in  recent  years  much  of  the  ore  thus  left  by 
the  earlier  workers  has  been  sent  to  market.  At  the  Rowan- 
tree  mine,  in  Weardale,  as  much  as  6  to  14  feet  of  ore  was, 
in  this  way,  shot  from  each  side  of  the  vein  in  the  great  lime- 
stone. Since  the  value  of  the  ore  was  recognised,  very  litde 
has  been  left  in  the  mine  that  could  be  utilised ;  a  rib  of  hard 
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"  white  ore,"  only  4  to  6  inches  wide,  with  limestone  cheeks,  was 
several  years  ago  worked  in  the  Rookhope  mine. 

These  ores  do  not  always  occur  as  the  "  rider  n  of  lead  veins. 
They  are  sometimes  met  with  apart  from  such  veins  altogether. 
The  direction  of  a  deposit,  then,  is  determined  entirely  by  the 
joints  in  the  limestone ;  and  the  ore  is  quite  free  from  particles 
of  galena  throughout  the  mass. 


CHAPTER  VI. 

THE  ARGILLACEOUS  IRONSTONES  OF  THE 
CARBONIFEROUS  ROCKS. 

Literature. 

i.  Geological  Survey  Memoir ■,  "The  Iron  Ores  of  Great 
Britain  "  :— 
Part  I.,  "  Derbyshire  and  Yorkshire,"  etc,  by  W.  W. 

Smyth,  1856. 
Part  II.,  "The  Iron  Ores  of  South  Staffordshire,"  by 

J.  Beete  Jukes,  1858. 
Part  III.,  "  The   Iron   Ores  of  South  Wales,"  by  E. 

Rogers,  1861. 
Part  IV.,  "The  Iron  Ores  of  the  Shropshire  Coalfields 

and  of  North  Staffordshire,"  by  W.  W.  Smyth,  1862. 

2.  "The  Progress  of   Coal   Mining  in  the  Counties  of 

Derby  and  Nottingham,  etc,"  by  J.  T.  Woodhouse. 
Transactions  of  the  North  of  England  Institute  of 
Mining  and  Mechanical  Engineers,  vol.  x. 

3.  "  On  Coal  and   Ironstone    Mining  in  Scotland,"  by 

Ralph  Moore.  Proceedings  of  the  South  Wales  Insti- 
tute of  Engineers,  vol.  iii.,  1861 — 63. 

4.  "The   Manufacture  of  Iron  in   Connection  with  the 

Northumberland  and  Durham  Coalfield,"  by  I.  Low- 
thian  Bell.  Transactions  of  the  North  of  England 
Institute  of  Mining  and  Mechanical  Engineers^  vol. 
xiii.,  1863 — 64. 

5.  "Minerals  of  the  Yorkshire  Coalfield,"  by  Benjamin 
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Holgate.  Proceedings  of  the  Geological  and  Polytechnic 
Society  of  the  West  Riding  of  Yorkshire,  vol.  vi., 
1871—77. 

6.  "The  South  Wales  Coalfield,"  by  T.  Forster  Brown. 

Transactions  of  the  North  of  England  Institute  of 
Mining  and  Mechanical  Engineers,  1873 — 74* 

7.  Geological  Survey  Memoir,  "  Geology  of  the  Yorkshire 

Coalfield,"  by.  A.  H.  Green,  and  others.     1878. 

8.  "The  South  Wales  Clayband  Ironstone,"  by  Thomas 

Joseph.  Proceedings  of  the  South  Wales  Institute  of 
Engineers,  vol.  xii.,  No.  5. 

9.  "Stirlingshire    Minerals,"  by  Peter    M'Beth.     Trans- 

actions of  the  Mining  Institute  of  Scotland,  vol.  iii., 
Part  iv. 

Thirty-six  years  ago  these  rocks  yielded  four-fifths  of  the 
ore  raised  in  Great  Britain,  but  since  the  introduction  of  the 
more  cheaply  worked  ores  of  the  Secondaries,  this  proportion 
has  been  gradually  reduced,  until  now  these  measures  do  not 
produce  more  than  one-sixth  of  the  total  ore  raised.  Not  only 
has  there  been  this  great  relative  fall,  but  there  has  been  an 
absolute  diminution  in  the  production  of  clay  ironstone  to  the 
extent  of  about  5,000,000  tons  per  annum.  Every  year  this 
source  of  supply  becomes  less  important;  the  only  districts 
at  present  raising  any  considerable  quantity  being  North 
Staffordshire  and  Scotland. 

The  Carboniferous  rocks  of  this  country  are  generally 
divided  as  below: — 

1.  Coal  measures. 

2.  Millstone  grit. 

3.  Carboniferous  limestone. 

The  ironstones  under  consideration  are  usually  obtained 
from  the  first  and  third  of  these  divisions,  which  are  very 
differently  developed  in  the  various  parts  of  the  country  where 
ironstone  is  worked,  as  will  be  seen  later,  from  the  details. 
But  there  is  one  very  striking  change  presented  by  the  car- 
lo 
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boniferous  limestone  series,  which  may  be  pointed  out  now. 
In  South  Wales  the  upper  and  main  part  of  this  formation 
consists  almost  entirely  of  limestone ;  the  lower,  or  minor  part, 
being  made  up  of  shales,  sandstones,  and  thin  limestones.  The 
upper  beds  are  usually  known  as  the  carboniferous  or  moun- 
tain limestone,  the  bottom  beds  as  the  lower  limestone  shale. 
In  leaving  Glamorganshire  the  mountain  limestone  undergoes 
a  change,  its  upper  part  being  split  into  several  layers  by 
intervening  beds  of  sandstone  and  shale  of  various  thicknesses. 
These  beds  together,  i.e.,  the  limestones,  sandstones,  and 
shales,  make  up  the  formation  known  as  the  Yoredale  rocks 
or  upper  limestone  shales.  They  continue,  with  the  mountain 
limestone  and  lower  limestone  shales,  on  through  North 
Staffordshire  and  Lancashire ;  but  as  we  approach  the  north 
of  England  the  mountain  limestone  becomes  split  up  by  beds 
of  sandstone,  shale,  coal  and  ironstone,  all  of  which  continue 
to  increase  northwards,  whilst  the  limestone  beds  diminish  in 
thickness ;  so  that  when  we  reach  Ayrshire  and  Lanarkshire  the 
mountain  limestone,  like  the  Yoredale  rocks,  is  made  up 
almost  entirely  of  sandstones  and  shales,  which  include  several 
important  seams  of  coal  and  beds  of  ironstone,  but  only  a  few 
thin  limestones.  This  group  of  rocks  is  known  in  Scotland  as 
the  lower  coal  measures  to  distinguish  it  from  the  upper  or 
true  coal  measures. 

Let  us  now  look  at  some  of  the  more  important  ironstone 
districts  in  detail. 

South  Wales.  The  ironstones  of  this  area  occur  in  the 
coal  measures.  Those  rocks  are  divided  into  upper  and 
lower  by  thick  strata  of  arenaceous  rocks  sometimes  passing 
into  a  silicious  conglomerate,  and  known  as  the  "  cockshute  " 
or  "  whiterocks."  The  lower  coal  measures,  from  450  to  850 
feet  thick,  are  the  chief  repository  of  the  ironstones,  and  for 
that  reason  are  often  called  the  "  iron-bearing  measures,"  but 
some  ore  has  been  worked  in  the  Pennant  grit  series  of  the 
upper  measures.  Year  by  year,  however,  they  are  becoming 
of  less  importance.  In  1872  over  1,100,000  tons  were  raised, 
whilst  in  1890  the  output  was  but  a  little  over  40,000  tons. 
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The  lower  measures  extend  nearly  over  the  whole  field. 
The  iron  ores  of  the  east  have  a  higher  metallic  yield  than  on 
the  west,  but  they  are  thinner.  Like  the  coals,  they  have  had 
very  different  names  given  to  them  in  various  parts  of  the 
field. 

The  section  below  of  the  lower  measures  at  Dowlais  will 
perhaps  be  sufficiently  illustrative,  for  present  purposes,  of  the 
manner  in  which  these  ores  occur : — 
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The  local,  lithological,  and  stratigraphical  names  employed 
in  the  section  may  be  translated  as  under : — 

Pin     =  nodule. 

Vein  =  seam,  or  several  seams  together. 

Clod  =  tough  shaly  clay. 

The  ironstones  occur  either  in  thin  beds  or  as  nodules,  in 
shale  or  clay.  They  vary  in  colour  from  light  grey,  through 
brown  to  black.  They  are  frequently  seamed  in  an  irregular 
manner  with  dolomite,  calcite,  or  quartz.  These  minerals 
appear  to  occupy  the  place  of  pre-existing  cavities.  Sometimes 
the  cavities  are  not  quite  filled,  their  walls  being  simply  lined 
with  crystals  of  calcite,  pyrite,  dolomite,  or  quartz.  Hatchetine 
and  Millerite  are  frequently  met  with  in  these  cavities,  and  some- 
times a  trace  of  copper. 

The  chemical  composition  of  these  ironstones  is  approxi- 
mately indicated  by  the  table  of  analyses  on  the  next  page,  by 
Mr.  E.  Riley,  of  five  different  ores  from  the  Dowlais  district. 

The  ironstones  of  which  Nos.  1  and  3  are  analyses  occur  in 
nodules,  those  of  2,  4,  and  5,  in  thin  beds. 

The  ironstones  from  other  parts  of  the  field  yield  practically 
similar  results.  Taken  over  the  whole  field  the  ores  may  be  said 
to  vary  in  the  quantity  of  iron  they  contain  from  about  21  to 
39,  with  an  average  of  31  per  cent. ;  the  non-metallic  minerals 
in  them,  as  in  all  other  iron  ores,  being  in  inverse  proportion, 
and  increasing  much  more  rapidly  than  the  iron  diminishes, 
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X 

2 

3 

4 

1 
s 

Constituents. 

Rosser- 

Little 

Vein 
Mine. 

Blue- 
Vein. 

Lumpy. 
Vein. 

GwrHyd. 

Black- 
Band. 

Peroxide  of  iron 

•41 

•40 

'41 

_^_ 

^_^ 

Protoxide  of  iron 

41-03 

3877 

4429 

39-0O 

4876 

„          „  manganese 

•55 

130 

113 

•50 

1*21 

•Silica    •••         ■••         ... 
Alumina          

13*35 
579 

1355 
328 

7*91  \ 
4-20/ 

25-33 

I '21 

uinc     •••         . ..         ••• 

300 

454 

3'i8 

275 

1*69 

Magnesia         

3t 

% 

3*92 

2*41 

2*6 1 

Potash 

74 

— 

— 

Phosphoric  acid 

•70 

•46 

.42 

1-28 

•58 

Sulphur           

— 

•01 

-03 

— 

•03 

Bi-sulphide  of  iron     . . . 

— 

— 

— 

— 

07 

Carbonic  acid 

2849 

3053 
108 

32*48 

26*14 

33-09 

Water,  combined 

1-36 

1-03 

1  *6o 

„      hygroscopic   ... 

"57 

35 

42 

79 

II-08 

Organic  matter 

•07 

•29 

•35 

— 

Total      

9954 

99-83 

1005 1 

9980 

IOO-58 

Metallic  iron 

3«i8 

30'43 

3472 

3033 

37*8 

Specific  gravity 

3-29 

3*15 

3*27 

315 

257 

as  shown  in  the  following  particulars  from  analyses  of  (No.  1) 
the  Black-pin  mine  (Middlepin),  Pontypool,  and  (No.  2)  the 
Black-vein  (Red-vein  measures)  Cwm  Celyn. 

Iron.       Silica.      Alumina.      Lime.      Magnesia. 
No.  I      ...      2095         1856  8-67  8-14  5-48 

No.  2      ...      38-75  4-60  560  260  1-38 

The  ores  before  being  sent  to  the  furnaces  are  roasted. 
The  loss  of  weight,  in  this  process,  ranges  from  21  to  31  per 
cent.,  the  richest  ores  losing  most. 

The  following  list  of  fossils  from  these  ironstones  and  their 
associated  shales  was  prepared  some  years  ago  by  Mr.  J.  W. 
Salter : 1— 

I. — Rosser -Veins  (wholly  marine). 
Spirifer  Urii,  Flem. 
„      glaber,  Sow. 

1  Geological  Survey  Memoir,  "  The  Iron  Ores  of  Great  Britain/'  Part  3. 
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Spirifer  bisulcatus,  Sow. 
Orthis  Michelini,  Lev. 
„      resupinata,  Sow. 
Streptorhynchus  crenistria  (Orthis  crenistria,  Phillips). 
Chonetes  Hardrensis,  Ph. 
Productus  semireticulatus,  Martin  (P.    antiquatus  and 

P.  Martini,  Sowerby). 
Productus  hemispherica,  Sow.  (P.  Cora  D'Orb). 
Discina  nitida,  Phill. 
Lingula  mytiloides,  Sow. 
Aviculopecten  gentilis,  Sow. 
„  scalaris,  Sow. 

Myalina  triangularis,  Sow. 
Area  (striate  sp.). 
Myacites  (sp.). 
Schizodus  sulcatus. 

„         carbonarius. 
Ctenodonta  undulata,  Ph. 

„         gibbosa,  Flem. 

„         aequalis,  Sow. 
Edmondia  unioniformis,  Ph. 
Myacites  sulcata,  Flem. 
Pleurotomaria  limbata  Ph. 
Macrocheilus  (minute). 
Litorina  ?  obscura,  Sow. 
Conularia  quadrisulcata,  Sow. 
Bellerophon  apertus,  Sow. 

„  decussatus,  Flem. 

„  hiulcus,  Sow. 

Discites  falcatus,  Sow. 
Nautilus  concavus,  Sow. 
Goniatites  Listen,  Sow. 
Orthoceras. 
Encrinite  stems. 

Megalichthys  Hibberti,  Ag.,  and  one  or  two  other  fish 
fragments. 
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II. — Bottom- Vein  (Marine). 

Rhizodus  granulatus,  Ag.  teeth, — large  and  small. 

Pleuracanthus  gibbosus,  teeth  (Diplodus  Ag.). 

Byssacanthus  (?). 

Palseoniscus,  Sp. 

Amblypterus  (fluted  throat  plates)  Agass. 

Megalichthys  Hibbertl 

Helodus  simplex,  Ag. 

Paecilodus  angustus,  Ag. 

III. — Blue-  Vein  or  Big-  Vein  (Marine). 

Myalina  carinata,  Sow. 
Anthracosia  acuta. 

„  (ovalis  or  centralis). 

Spirorbis  carbonarius. 

IV. — Red-Vein  (Brackish  Water  or  Marine). 

Anthracosia  acuta,  Sow. 

„  ovalis,  Martin. 

Modiola,  small  convex  species. 
Edmondia  (?),  a  shell  like  a  Cyprina. 

V. — Spotted-  Vein  (probably  Marine). 

Spirorbis  Carbonarius,  Murch. 

Track  of  a  crustacean  (Limulus  ?)  6  feet  under  the 
"  spotted-vein." 

V\.—Old  Coal— Black  Band  (Marine  [f]  ). 

Anthracosia  acuta,  Sow. 
„  ovalis,  Mart. 

Rhizodus  granulatus,  Ag. 

VII. — Mine  over  "Engine  Coal"  (Marine). 

Spirifer  bisulcatus,  Sow. 
Productus  scabriculus,  Sow. 
Neuropteris  Loshii,  Brong. 
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VIII. — Darran-Pins  {Marine  or  Brackish). 

Anthracomya  senex,  n.  sp. 

„  modiolaris,  Sow. 

Myalina  modiolaris. 
„      quadrata,  Sow. 
„      carinata,  Sow. 
Anthracosia  aquilina,  Sow. 

ovalis  (?),  (or  centralis). 

thick  squarish,  sp. 

lateralis,  Brown  (var.  of  A,  acuta  [?]). 


IX.— Mine—Will-Shane  or  Pin  Will-Shone— over  Bydyllog 

or  Pas  Las  Coal  (Marine). 

Athyris  planosulcata,  Sow. 

X. — Mine  over  Three-quarter  Coal  {Marine). 
Anthracomya  (new  genus),  pumila,  n.  sp. 


» 


subcentralis,  n.  sp. 


XI. — Mine  under  Big-  Vein  Coal  (Marine  [t] ). 

Anthracosia  centralis  (?)  (an  oval  species  smaller  than 
S.  ovalis). 

XII.— Ell-Balls,  above  EUed-CoaL 

Asterophyllites  grandis,  Lindl. 
Lepidodendron  selaginoides. 

„  Sternbergii,  Brong. 

Ulodendron  minus,  Lindl. 
Neuropteris  gigantea,  Sternb. 
Sphenopteris  Honinghausii. 
Alethopteris  heterophylla. 
Pecopteris  oreopteridis,  Brong. 
„        abbreviata,  Brong. 
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XIII.— Black-Pins  Mine  {Brackish  or  Marine  [t]  ). 

Dadoxylon  (Sternbergia)  approximatum,  Lindl. 
Knorria  Sellonii,  Sternb. 

„       sp. 
Halonia  tortuosa,  Lindl. 
Anthrocosia  acuta,  Sow. 

XIV. — Soap-  Vein  Mine  {Marine). 

Worn  burrows,  abundant. 
Anthracomya  Adamsii,  n.  sp. 
Neuropteris  Voltzii,  Br6ng.  var  (?). 
Sphenopteris  Honinghausii. 

XV.— Black-Band  {Marine). 

Modiola  (or  Anthracomya),  small  species. 

Megalichthys  Hibberti,  Ag. 

Rhizodus  granulatus,  Ag,  the  small  intermediate  teeth. 

"  Penny  Pieces" 

Anthracosia  aquilina,  Sow. 
„  ovalis,  Martin. 

„  centralis  (?)  Sow. 

„  sp.  with  keeled  ridges. 

Shropshire.  (Coalbrook  Dale.)  Here,  too,  there  has  been 
a  great  fall  in  the  quantity  of  ore  raised,  the  present  output  only 
being  about  one-tenth  of  what  it  was  twenty  years  ago. 

The  ironstones  occur  in  the  coal  measures,  which  have  a 
maximum  thickness  of  about  1,000  feet.  They  are  usually 
divided  into  upper  and  lower,  the  former  resting  on  a  severely 
denuded  surface  of  the  latter,  in  such  a  way  that  the  upper 
coals  and  ironstone  of  the  lower  measures,  even  down  to  the 
pennystone,  are  wanting  altogether  in  certain  areas  notwith- 
standing that  the  upper  measures  are  present  The  upper 
beds  of  the  lower  measures  are  confined  to  the  northern  part 
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of  the  field ;  but  as  the  depth  of  any  bed  in  the  measures 
increases  it  has  a  more  southern  extension,  the  pennystone 
and  the  measures  below  it  occurring  throughout  the  field. 

The  principal  ironstones  occur  in  the  lower  measures.     A 
section  of  these  rocks  is  given  below : — 
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O 
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Ft. 

/Chance  Coal o 

Olldm  ...  ...  ...  ...  ...  . . .     I AQ 

TOP  PENNY  MEASURE  (sometimes  called 
chance  Pennystone),  Ironstone  nodules  in 
dark  grey  clay        3ft.  to  8 

oiffHit        ...  ...  ...  ...  ...  •••       1/ 

Fungous-Coal 3 

oir dm       ...  ...  ...  ...  ...  ...        4 

Foot-Coal        ...  ...        ...       1 

BLACKSTONE  MEASURE  (Ironstone  nodules 

in  dark  grey  clay) 3ft.  6in.  to  4 

Stone-Coal       ...        ...        ...        ...        ...      4 

Oil  did  ...  ...  ...  ...  .«■  ...  j 

Gur  Coal         ...        ...        ...      2 

Oil  did        ...  ...  ...  ...  ...  ...        o 

BRICK-MEASURE  (Ironstone  nodules  in  grey 
clay)  7ft.  to  16 
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BLUE  FLAT  (Brownish  Ironstone  in  clay) 

otr<ti<i        ■>•  •••  *••  ••• 

WHITE  FLAT  (Ironstone  in  grey  clay) 
Strata 

Flint  Goal 
Strata 

PENNY  MEASURE  or  bottom  Pennystone  (Iron- 
stone in  dark  grey  clay) 
Sulphur  Coal 
Strata 

Upper  Church  Coal .. 
Strata 

Church  Coal 
Strata 

Two-foot  Coal 
Strata 

Best  Coal 
Handle  Coal 
Strata 

Clod  Coal 
Strata 

Little-flint  Coal 
otrata      . . «         • • < 
CRAWSTONE  MEASURE 
Coal  under  ditto 

oualSl         •  •  •  •  • 

Lancashire  Ladies'  Coal 

oCFaia         •  •  •  •  •  •  ••• 

Wenlock  Limestone  (Silurian) 
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All  the  ironstones  mentioned  in  this  section  (except  the 
three-inch  bed  in  the  top  of  the  bottom  pennystone)  occur  either 
as  nodules  or  tabular  masses,  and  excepting  the  crawstone,  they 
are  all  embedded  in  shale.  The  latter  ore  occurs  in  finely 
granular  sandstone.  The  yield  per  acre  of  the  different 
measures  is  as  below : — 
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Thickness  taken. 

Tons. 

Feet. 

Chance  pennystone 

•  ••                    m% 

80O 

•                  ••• 

6 

Blackstone 

■  •  • 

•  •  a                    • 

1800 

»  •                        •  a  a 

4 

Brick  measure 

•  •  a 

•  •  •                     ■ 

1500 

IS                       a  a  • 

16 

Ballstone  ... 

•  •  • 

a  •  •                        •  i 

1300 

•                           a  a  • 

9 

Yellowstone 

•  •  • 

•  a  •                        •  I 

I200 

1  a                      •  •  a 

9 

Blue-flats  ... 

•  •  • 

a  •  •                        a 

I50O 

>S                        •  a  a 

6 

White-flats 

•  •  ■ 

•  ••                   •  1 

..        I30O 

1  •                        a  as 

6 

Pennystone 

•  a  a 

•  ••                  • 

2600 

»  •                        a  S  • 

34 

The  composition  of  the  ironstones,  as  determined  by  J. 
Spiller,  is  set  forth  in  the  subjoined  table : — 


Constituents. 

'  Black- 
stone. 

Blue- 
flats. 

White- 
flats. 

Penny- 
stone. 

Craw- 
stone. 

Peroxide  of  iron 
Protoxide  „   „ 

tf         tr  manganese 
silica    ...         ...         ... 

Alumina           

1  *llUC         <ii                 a  •  •                 •  •  • 

Magnesia         

Potash  ...         ... 

Carbonic  acid 

Phosphoric  acid 
Sulphuric  acid 
Bilsulphide  of  iron     ... 
Water  combined 

„      hygroscopic    ... 
Organic  matter 

4828 
•82 

736 
417 

2*34 

l-»3 
■10 

32-98 

•26 

•IO 

19 

•62 

24 
•62 

•69 
46*30 

-02 
8*23 
4*26 
230 
208 

31-68 

•50 
•II 

08 

•8l 

•28 

•62 

1*62 

4433 
1  00 

990 

452 

298 

197 

•24 
30-92 

•70 

06 

•01 

95 

"35 
•3» 

•81 

4508 

1-69 

6*23 

2*39 
3-11 

4-20 

trace 

34*4 

•46 

trace 

•48 

•72 
•30 
•23 

43 
51*45 

6I3 

285 

2-13 

42 

16 

3331 
•23 

-02 

•54 
19 

•67 

Total          

100-44 

9909 

9993 

99*74 

9977 

Metallic  iron 

37*92 

36*49 

35-61 

3563 

40*27 

Specific  gravity 

357 

35 

3'5 

3'5 

3'68 

The  specific  gravity  of  the  brick-measure  ironstone  is  3-3 
and  of  the  ballstone  3*4. 

These  ironstones  are  much  less  variable,  in  the  proportions 
of  their  mineral  contents,  than  those  of  South  Wales,  and  have 
a  higher  metallic  yield,  the  average  being  about  37  per  cent. 
The  irregular  cavities  within  the  nodules  contain  one  or  more 
of  the  following  minerals ;  clay,  blende,  pyrite,  barite,  calcite, 
and  traces  of  lead  and  copper. 

II 
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Organic  remains  in  great  variety  are  preserved  in  the 
nodules  and  accompanying  shales,  as  shown  in  the  following 
table  chiefly  after  Salter : — 

Chance  Fennystone. 

Productus  scabriculus,  Sow. 
Conularia  quadrisulcata,  Sow. 
Fish,  etc. 

Blaekstonc. 
Stigmaria,  Lingular,  Fish. 

Ballstone. 

Lepidodendron  selaginoides,  Sternb. 

„  Sternbergii,  Brong. 

Neuropteris  gigantea,  Sternb. 
Pecopteris  oreopteridis,  Brong. 
„         abbreviate,  Brong. 

Yellowstone  and  Blue-Flats. 
Anthracosia  aquilina,  Sow. 

White-Flats. 

Anthracosia  aquilina,  Sow. 
Myalina  modiolaris. 

„       quadrata,  Sow. 
Teeth  and  spines  of  megalichthys  and  cyracanthus. 
Spines  of  limulus. 
Plant  remains. 

Fennystone. 

Spirifer  bisulcata,  Sow. 
Lingula  mytiloides,  Sow. 
Productus  scabriculus,  Sow. 
Discina  nitida. 
Anthracosia  subconstricta. 
„         robusta,  Sow, 
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Anthracosla  aquilina. 

„         acuta. 
Anthracomya. 
Myacites. 

Anthracoptera  quadrata,  Sow.     Numerous  examples  of. 
Axinus  carbonarius,  Porth. 

„      sequalis,  Sow. 

„      sulcatus,  Sow. 
Ctenodonta  aqualis. 
Myalina  quadrata. 
Aviculopecten  gentilis,  Sow. 
„  scalaris,  Sow. 

Conularia  quadrisulcata,  Sow. 
Natica  pleurotomaria. 
Bellerophon  hiulcus,  Sow. 
Goniatites. 
Orthoceras. 

Nautilus  concavus,  Sow. 
Megalichthys  Hibberti,  Ag. 

Crawstone. 

Myalina  triangularis,  Sow. 
Myalina  carinata,  Sow. 
Anthracomya  modiolaris,  Sow. 

South  Staffordshire.  The  output  has  diminished  here 
from  715,451  tons  in  1875  to  41,063  in  1890. 

The  middle  coal  measures  rest  on  the  upper  Silurians — 
the  Devonians,  carboniferous  limestone,  millstone  grit  and 
lower  coal  measures  being  absent.  The  thickness  of  the 
measures  is  about  1,300  feet  in  the  maximum,  but  the  ironstones 
all  occur  in  the  lower  500  feet.  A  general  section  of  these 
latter  rocks  is  given  below  : — 
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i  Herring  Coal  (South  of  Dudley) 

PINS  AND  PENNYEARTH  IRONSTONE 
measures 

Oil  AlSi  ...  ...  «•■  ...  «•• 

TEN  FOOT  AND  BACKSTONE  IRON- 
STONE measures  (in  the  Pensnett 

J^/lSl&lvL  1  •■•  ...  •  •  •  ... 

Thick  Coal       
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Thick  Coal  Gubbin,  sometimes  the 
Black  Ironstone  (about  15  in.  of 
Ironstone  in  dark  shale)    2   „     9 

OLIAm]  ...  ...  •  .  .  •«.  ■••  ZyaZO 
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Rubble  or  Lower  Heathen  Coal    ...      2  „     4 

Strata  containing,  at  Bentley,  Ironstones 
known  as  the  Lambstone  and 
Brownstone  ...         ...        ...     10  „  33 

NEW   MINE  OR  WHITE   IRONSTONE 

6  to  21  in.  of  Ironstone  in  grey  clay      2  „    10 
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Sulphur  Coal 
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"  FIRECLAY      BALLS  "      IRONSTONE 

measures  (occasional)       

Fireclay  Coal 

OUcllcL  ...  ...  ...  ...  ... 

"GETTING  ROCK"  IRONSTONE  (occa- 

aionai  1  ...  ...  ...  ... 


\ 


10 

n 

*5 

2 

n 

9 

2 

il 

99 

2 

H 

n 

2 

n 

39 

I 

11 

14 

2 

i< 

10 

II 


In  these  measures  near  Bentley  an  ironstone,  called  the  Bind,  is  worked. 


SOUTH  STAFFORDSHIRE  IRONSTONE  MEASURES.     1 65 


CO 

< 

S 
3 

u 

3 

Q 
O 


/POOR  ROBIN  IRONSTONE  measures 

wJ  U  <m&  •  •  •  ■••  ■••  •■•  •  •  • 

"  ROUGH  HILLS"  WHITE  IRONSTONE 

(occasional)  

Bottom  Coal 

*JLA  ALCL  •••  •••  •  •  •  •  •  •  •  •  • 

"GUBBIN  AND  BALLS"  IRONSTONE 
(sometimes  called  bottom  or  great 
Gubbin),  20  to  25  in.  of  Ironstone  in 
dark  clay 

t3Lx  did  ••■  •••  •••  ••• 

Singing  or  Mealy  Grey  coal 

OuAut  •••  •■•  •••  .  «  « 

"BLUE  FLATS"  IRONSTONE,  5  to  16 
in.  of  Ironstone  in  grey  shale 

Ollala  •  •  •  ••■  •  •  •  ■•■ 

"SILVER  THREADS"  IRONSTONE 

OUcLla  •  •  •  ...  ...  ... 

DIAMONDS  IRONSTONE 

O  Lid  Id  «•«  •  •  •  •••  •  • « 

Ludlow  Rocks  (upper  Silurian). 


Ft.        Ft. 
3  >,     4 


» 


» 


» 


>• 


19 
12 

30 


o  „    10 
18  „  50 


i) 


16  „  50 

2  „  9 

10  „  14 

4  „  7 

6  „  15 

2  „  4 

o  »  5° 


The  mean  thickness  of  the  measures,  between  the  thick 
coal  and  the  Blue-flats  ironstone,  over  a  large  area  north-west 
of  Dudley  is  put,  by  Jukes,  at  320  feet. 

The  ironstones  occur  in  layers  of  nodules  or  tabular  masses, 
in  shale,  as  partly  illustrated  in  the  sections  hereunder : — 

Gubbin  Ironstone  at  Upper  Gornal  (after  Kenyon  Blackwell). 

Ft.  in.        Ft.  in. 

IRONSTONE  o     6 

Dark  chinch  2    o 

IRONSTONE  (called  Cannock)  ...       o    6 

Dark  clunch  ...         ...         ...  20 

IRONSTONE  (called  rubble)      ...       03 
Blackbatt   ...        ...        ...         ...  6 


4    6 
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New-Mint  Ironstone. 


IRONSTONE 

■  •  •                   •  •  • 

...       o     3 

Clunch 

•  •  •                   •  •  •                   i 

•  • 

o     7 

IRONSTONE 

•  •  •                   •  •  • 

o     4 

Clunch 

•  •  •                   •  •  •                   « 

>  •  • 

3     3 

IRONSTONE 

•  •  •                   •  •  • 

4 

O    II 


3  i° 


Gubbin  and  Balls  Ironstone. 


BALLS  OF  IRONSTONE 

•  •  « 

O 

8 

v^lv/U                      •  •  •                •■•                ••• 

■  •  « 

2     6 

BALLS  OF  IRONSTONE 

•  ■  i 

O 

6 

Dark  Clod     

•  •  i 

i     6 

GUBBIN  IRONSTONE      ... 

•  •  i 

o 

6 

^^JUvl                        •  •  •                   •  •  •                   ••* 

•  •  • 

I      o 

QUBBIN  IRONSTONE      ... 

•  • 

o 

3 

I  II 


Blue-Flats  Ironstone. 


5    o 


TOPSTONE            

■  •  • 

o 

6 

Binds,  etc.  ... 

►  »  • 

2      O 

SECOND-STONE 

•  •  ■ 

o 

3 

Parting        

■  •  • 

i     3 

THIRD-STONE       

»  •  • 

o 

4 

Ground  with  Chitterstone 

»•• 

4       2 

BOTTOM-STONE... 

> .  • 

o 

3 

i     4 


7     5 


Local  nanus  used  in  these  sections. 

Clunch  =  tough  clay,  sometimes  sandy. 

Bind  =  shale,  clayey. 

Clod  =  shale,  earthy. 

Batt  =  carbonaceous  shale. 
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The  yield  per  acre  of  the  more  important  measures  is  given 
in  the  following  table : — 

Tons. 

Gubbin  ...        ...        ...         ...         1.200 


Whitestone      

Poor  Robin     

Rough-hills  whitestone 
Gubbin  and  Balls 
Blue-flats        


1,700 
1,200 

2,400 

2,400 

2,400 


The  chemical  composition  of  the  Ironstones  has  been  de- 
termined by  the  analyses  of  Messrs.  A.  Dick  and  C.  Tookey 
(see  next  page). 

The  specific  gravity  of  these  ores  varies  from  2*93  to  3*69. 
The  cracks  in  the  nodules  contain,  in  varying  quantities,  one 
or  more  of  the  following  minerals :  clay,  blende,  galena, 
chalcopyrite,  pyrite,  calcite  and  dolomite. 

Some  of  the  Ironstones  contain  organic  remains.  In  the 
upper  part  of  the  cakes,  and  the  bottom  of  the  whitestone, 
there  have  been  found  anthracosia,  producta  scabriaday  avicula 
quadrata,  lingula  mytiloidtsl  orbicula  nitida,  conularia 
quadrisulcata. 

North  Staffordshire.  This,  at  the  present  time,  is 
the  most  important  area  in  the  country  for  the  production  of 
clay  carbonates,  as  will  be  seen  on  reference  to  the  statistics  in 
Part  I.  The  coal  measures  have  a  maximum  thickness  of  about 
6,000  feet,  but  most  of  the  workable  ironstones  are  found  above 
the  middle  of  the  series,  ranging  from  about  1,000  feet  to  about 
2,400  feet  below  the  top. 

The  following  section  of  the  ore-bearing  rocks  passed 
through  at  Silverdale  gives  the  horizon  of  the  principal  iron- 
stones. 

.    Local  Names. 

Mine  =  ironstone. 

Bass  =  shale  (carbonaceous). 

Bind  =     „ 
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/ 


TOP-RED  MINE  ... 


Ft.  in. 

i     6 


S  /Strata 

*      BLACK  BAND 


CO 

< 


O 
(J 

oi 

w 


/; 


V^^/ChX  •  •  •  •••  ••*  •  •  •  •••  ••■ 

OUcILa  •  •  •  •  •  •  •  •  •  •  •  •  •••  ••• 

J  /  RED-SHAG    IRONSTONE  o 

V^\#l3vX  •  •  •  •  •  •  •■•  •  •  •  ••■  •  •  ■ 

OLIcllcl  ••«  •••  •  •■  •  ••  •  ••  ••• 

RED  MINE  (LOWER)  average  thickness  14  in.  o 

vvlU  •■«  ...  •••  •  •  •  ••■  ■•« 

\ Strata,  containing  Bassy  Mine  at  Lane  End     ... 
Peacock  Coal 

011  ata        ...         » • »          • . .          ...          1  •  •          ... 
Spencroft  Coal,  average         

OUAlA  ...  •«>  a.*  ...  ...  ... 

Great-row  Coal,  sometimes  in  two  bands  with 

OaXiuci  •  •  •  •■•  •••  •»■  ••• 

ajLXcm*  ■■•  •  •  •  • « •  •••  •••  ••• 

CANNELMINE  (Wood's  Mine)  

OllAul  ...  ••■  ...  ...  ...  ••• 

GUBBIN   IRONSTONE 

ouciia         ..*  ...  ...  ...  ...  .*• 

BLUE-FLATS  in  bands ... 

SHEATH   MINE  (o  to  12  in.) 

BLACKSTONE.  in  4  bands     ) 

Coal  (Deep  Mine  in  the  Potteries)       

O  IIcLIa  .*•  ...  ...  ...  ...  •■■ 

RUSTY  MINE  in  4  bands,  6  in.  to        

O  Li  did  •••  ..•  ...  ...  •••  ... 

CHALKY  MINE  2  to  2J  ft.  Ironstone,  8  to  11 

Lm*IiU9,  ...  ...  ...  ...  ...         Io 

Strata,  containing  Little  Mine  at  Apedale        ...     36 
NEW  MINE  STONE  7  bands,  10  in.  in  ...       6 

ocraia        ...  ...  ...  ...  ...  ...     4^ 

Winghay  or  Knowles  Coal 5 

\ BROWN  STONE,  in  bands  and  balls  33  in.  in       9 
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Position  of  Deep 

"Mine  measures  at- 

Lane  End. 


o 
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o 
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o 
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o 
o 
6 
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0  10 

1  o 

o  10 
o     6 

42  o 
o     8 

54     o 
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o 
o 
o 
6 
o 
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Ft.  in. 

/Strata        ...         •••        •••         •••        •••        •••  7Z    ® 

TOP  THICK-BAND  in  two  beds            o    8 

Middle  Thick-band  Coal      13 

IRONSTONE,  two  bands,  7  in.  in         4    ° 

Bind         ...         ...         ...         ...         •  ••         •  ••  42     o 

GOLD  MINE  IRONSTONE  24  in.  in     9     o 

Strata        ...         ...        ...         •••         •■•         •••  75    ° 

Rowhurst  Coal,  7  ft.  in  two  bands    7    o 

Clunch     9    ° 

Lower  Coal  (Bingay  in  Potteries)       3    o 

Strata        ...         ...         •••         •••         •••        •••  45    ® 

IRONSTONE        o     6 

Coal,  Burnwood  (12  to  28  in.  on  eastern  side 

of  field)        ...        ...        ...         ...        •••  06 

otrata        ...         •■•         •••         •••         •••         •••  *  7    " 

IRONSTONE,  two  bands             •  o    6 

Coal,  twist        ...        ...        ...        ...        ...  3    3 

otrata        ...         ...         ...         ••■         •••         •••  120    o 

Four-foot  Coal  (Moss  in  Potteries)     4    6 

otrata        ...         •••         •••         •••         •  •  •         •••  z^-    o 

Two-foot  Coal 1    6 

otrata        ...         ...         ...         ••«         ...         •••  3 

Single  five-foot  Coal  (4  ft.  at  Kidsgrove)     ...  5    o 

otrata        ...         ...         ...         ■••         »••         •••  75    o 

Ragman  Coal  ...        ...        ...        ...        •••  36 

otrata        ...         ...         ...         ...         •  ♦  •         ...  12    o 

Bough  seven-foot  Coal          70 

otrata        ...         ...         *••         ...         ...         . . «  3 

Hams  Coal        4  ft.  to  5    o 

otrata        ...         ...         ...          ...         ...         ...  9 

Stony  eight-foot  Coal            16 

Strata        ...         ...         ...         ...         ...         ...  180     o 

Ten-foot  Coal 7    6 

otrata        ...         ...          ...          ...         ...         ...  00     o 

IRONSTONE  two  bands            o    6 

Top,  Two-row  Coal 2    3 


S3 

o 
U 

w 

•J 

ft 


\ 
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OtT  3&3L  •■•  •••  •••  a**  •  •  •  ••• 

Bottom,  Two-row  Coal        

otrata       •••         •••         •••         •  •  •         *••         ••• 

Clod  Coal  in  two  bands  

OlTala  •••  • « •  •••  •••  •  •  •  ••• 

Bowling-alley  Coal     

o  crata,  snaiy         •••         •••         •••         •••        ••• 

Rock  or  strong  sandstone  

0*1a16      ■••      ••■      ••■      •  •  •      •■•      ••• 

^  (  Coal,  seven-foot  Nabbs        

OllaUl  •  •  •  « •  .  ■ .  ■  •••  » • «  ••• 

Rider  Coal 

Strong  ground      ... 

Coal,  eight-foot  Nabbs  

Strata  with  three  little  coals  of  15  in.  each,  45  ft. 

d  L/cU  I  •«.  ...  ...  ...  ... 

Coal,  Bollharst  3  ft. 

1  OUaut  ...  ...  ■«•  ...  . ..  ... 

\Coal,  Winpenny         

Lower  Coal  Measures  

Millstone  Grit  


2 


o 
U 

w 

►4 
Q 
Q 


Ft. 

in. 

30 

O 

2 

3 

30 

0 

2 

3 

30 

0 

I 

4 

132 

0 

60 

0 

3 

0 

5 

6 

21 

0 

0 

6 

90 

0 

5 

0 

195 

0 

0  6 

0 

60 

0 

2 

2 

900 

0 

These  ironstones  are  mostly  in  bands  or  thin  beds,  the 
Cannel  mine,  Gubbin,  and  Pennystone  being  the  only  impor- 
ant  ores  that  are  nodular.  The  beds,  especially  the  black- 
bands,  when  seen  in  section,  have  mostly  an  irregular  striped 
appearance  ;  the  lines  being  parallel  to  the  bedding. 

The  ironstones  above  the  Peacock  coal  are  all  blackbands, 
and  occur  immediately  on  the  top  of  coal  seams.  They  are 
the  Red-shag,  Gutter  and  Bassy  of  Shelton,  the  Top-red  mine, 
Blackband,  Red-shag  and  Red  mine  of  Silverdale  and  the 
Bassy  mine  of  Lane  End  and  Great  Fenton.  Like  blackbands 
generally,  they  contain  thin  laminae  of  dark  carbonaceous  matter, 
the  intervening  ironstone  being  of  a  brownish  colour.  The 
thickness  of  these  stones,  as  a  rule,  varies  inversely  to  that 
of  the  underlying  coal.     That  is  to  say,  when  the  ironstones 
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are  thickest  the  coals  are  thinnest,  and  vice  versa.  To  dis- 
tinguish the  different  qualities  of  the  stones  they  are  sometimes 
divided  into  "tops,"  "middles,"  and  "bottoms,"  the  first 
being  the  poorest  and  the  last  the  richest. 

These  upper  ironstones  and  their  accompanying  coals 
appear  to  be  of  very  limited  extent  on  any  given  horizon ;  for, 
taking  the  three  localities  named  above,  the  same  seam  pro- 
bably does  not  occur  in  any  two  of  them,  if  we  except  the  Bassy 
mine  of  Shelton  and  Lane  End. 

The  ores  below  the  Peacock  coal  are  clay  ironstones,  and 
occur  either  as  nodules  or  thin  bands  separated  by  shales ;  in 
some  places  being  in  association  with  coal  seams,  at  others 
quite  apart  from  them.  A  few  sections  will  show  their  mode 
of  occurrence : — 

Woods  Mine  Measures  {at  Lane  End). 

In.        Ft.    in. 

^JctoS  ...  . » .  ...  ...  3 

IRONSTONE  3 

•Dcwo  ...  *••  ...  ...  29 

IRONSTONE  2 

.DoSS  ...  ...  ...  •••  ZO 

IRONSTONE  2 

JjcLSS  ...  ...  ...  ...  20 

IRONSTONE  2 


Total  ...         ...  990 

Deep  Mine  Measures  {at  Lane  End). 
TOP  IRONSTONE  6 

■Dd2>3  •••  ...  ...  •••  X         U 

SECOND  IRONSTONE 3 

Xjdals  ...  ...  ...  •*•  IO 

THIRD  IRONSTONE  2 

xsass  ...         ...  ...         ...  13 

FOURTH  IRONSTONE  4 

v^oai  ...         ...  ...         ... 

Total 13        43 
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Chalky  Mine  Measures 

{at  Lane 

End). 

In. 

Ft.     in. 

FIRST  IRONSTONE 

•  •  • 

3 

XJAOO                           •  •  •                    •••                    •  •  • 

•  •  • 

2      3 

SECOND  IRONSTONE    ... 

•  •  • 

2 

JDdSd                                •  •  •                        •••                        ■•• 

•  ■  • 

I      9 

THIRD  IRONSTONE 

•  •  • 

7 

vOol                    •••               •  •  • 

•  •  • 

Total  ... 

•  •  • 

12 

4      O 

The  production  per  acre  of  the  ores  is  given  in  the  following 
table : — 

Tons. 
500O 
4200 
I900 
2IOO 
2900 
2400 
29OO 


Bassy  Mine 

•  •  • 

Cannel  Mine  ■ 

•  •• 

Blackstone 

•  •  ■ 

Sheath 

•  •  • 

Chalky 

■  •  m 

Little 

•  •  • 

Brown 

•  •  • 

•  a  •  •  • 


•  ••  ••• 


The  chemical  constitution  of  these  ores  has  been  deter- 
mined by  Mr.  A.  B.  Dick  as  shown  in  the  table  on  next 
page. 

Numbers  1,  2,  and  3  are  blackbands,  and.  as  is  usual,  they 
contain  very  much  less  argillaceous  matter  than  the  claybands. 
The  average  specific  gravity  of  the  blackbands  is  about  2*4. 
Owing  to  the  refractory  nature  of  these  ores,  they  are  only  used 
in  the  local  furnaces  to  the  extent  of  50%  of  the  ore  burden, 
45%  being  the  more  expensively  obtained  claybands  of 
different  kinds,  and  5%  the  silicious  ore  of  the  Lower  Oolite 
of  Northampton.  Average  metallic  yield  of  claybands  37,  of 
the  blackbands  38  per  cent. 

The  ores  frequendy  contain  thin  veins  of  calcite.  Crystals 
of  blende  occur  in  the  cavities  of  some  of  them,  and  traces  of 
lead  and  copper  are  occasionally  found. 
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x» 

a* 

3* 

4 

S»     1      6* 

7* 

Bassy 

Red 

Red 

Mine, 
called 

Cannel 

Penny- 

Deep 

Chalky 

Constituents. 

Shag, 

Mine 

Mine 

stone 

Mine, 

Mine, 

at 

of 

Red 

of 

of 

Lane 

Lane 

Shelton 

Silver- 
dale. 

Mine, 

at 
Shelton 

Ape- 
dale. 

Shelton 

End. 

End. 

Peroxide  of  iron 

•05 

I'OI 

5*o6 

•20 

311 

-21 

'12 

Protoxide  of  iron 

4653 

3422 

4553 

4180 

4635 

1-61 

4833 

5IO7 

„          „  manganese 

254 

287 

174 

2' 16 

299 

236 

oiuca     •••          •  • »         .  *  • 

1-93 

313 

136 

732 

578 

6*25 

3*02 

Alumina           

1*22 

1*35 

74 

3'8l 

I  52 

283 

2*47 

A*lUlG           •••                   •••                   ••• 

244 

1 1-91 

2*91 

511 

1*93 

I-52 

174 

Magnesia         

1-39 

144 

213 

303 

2-24 

II9 

I'lO 

Potash  ... 

•20 

trace 

•05 

•09 

18 

-22 

•28 

Carbonic  acid 

3077 

3252 

32*12 

32-40 

32-46 

3276 

3363 

Phosphoric  acid 

•69 

•87 

•86 

I '40 

•67 

87 

ri2 

Sulphuric  acid 

04 

12 

•08 

trace 

trace 

trace 

trace 

Bisulphide  of  iron 

•34 

"35 

37 

•04 

•15 

•19 

•17 

Water  combined 
„      hygroscopic    ... 

}i'47 

/  75 
I   23 

J229 

/  71 
I  "36 

}l'43 

85 

•99 

Organic  matter 

1047 

*93 

520 

79 

295 

1-17 

1*24 

Total      ...        ... 

100*08 

997o 

100-44 

99*22 

100-38 

9938 

99*31 

Metallic  iron 

3639 

27*33 

39^3 

3264 

3829 

37*83 

3988 

Specific  gravity 

225 

2*09 

2*34 

3*12      3*o6 

3*25 

357 

•  Dried  at  axa°  Fahr. 


Mr.  J.  W.   Salter  has  met  with  the  following  organic  re- 
mains in  these  ironstones  and  their  associated  shales : — 

Red  Shag. 
Anthracomya  Phillipsii,  Willmsn. 

Blackband. 
Anthracomya  Phillipsii,  Willmsn. 

Red  Mine  and  Coal. 
Anthracomya  Phillipsii,  Willmsn. 

Bassy  Mine. 
Stigmaria,  large. 
Cytheropsis. 
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Spirorbis  carbonarius,  Murch. 
Anthracomya  Phillipsii,  Willmsn. 
Diplodus  gibbosus,  Ag. 

Gubbin  Ironstone  Shale. 

Anthracomya  Phillipsii,  Willmsn. 

A.  sp. 

Anthracoptera  quadrata,  Sow. 

A.  sp. 

Anthracosia  robusta,  Sow. 

A.  subconstricta,  Sow. 

A.  lateralis,  Brown. 

Cytheropsis. 

Megalichthys  Hibberti,  Ag. 

Platysomus. 

Palaeoniscus. 

Diplodus  gibbosus,  Ag. . 

Ctenacanthus  Hybodoides,  Eg. 

Pleuracanthus  (a  flat  lancet-shaped  tooth). 

Cannel  Mine. 
Cytheropsis. 
Sanguinolites. 

Woods  Mine  Bass. 

Catamites  undulatus,  Brong. 

Palaeoniscus,  scales. 

Megalichthys  Hibberti,  Ag. 

Diplodus  gibbosus,  Ag. 

D.  minutus,  Ag. 

Gyracanthus  formosus,  Ag.     (Lancet-shaped  tooth.) 

Deep  Mine  Ironstone. 

Neuropteris  cordata,  Brong. 
N.  sp.  with  serrated  edges. 
Cytheropsis. 
Megalichthys  Hibberti,  Ag. 
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Rhizodus. 

Palaeoniscus,  4  or  5  sp.  (new). 
Platysomus  2  sp.  (1  new). 
Gyrolepis. 
Ctenacanthus. 
Coelacanthus,  2  species. 
Holoptychius  (large  scales). 
Gyracanthus  formosus,  Ag. 
Diplodus  gibbosus,  Ag. 
D.  minutus,  Ag. 
Ctenopthychius  apicalis,  Ag. 
C.  denticulatus,  Ag. 

C.  pectinatus,  Ag. 
Helodus  simplex,  Ag. 
Pleuracanthus  laevissimus,  Ag. 

Chalky  Mine  Ironstone  Shale. 

Anthracomya  Phillipsii,  Willmsn. 
Megalichthys  Hibberti,  Ag. 
Diplodus  gibbosus,  Ag. 

D.  minutus  ?  Ag. 
Gyrolepis. 

New  Mine  Ironstone  Bass. 

Sigillaria. 

Anthracomya  Adamsii,  Salter. 

Anthracosia  robusta,  Sow. 

A.  sp. 

Anthracoptera. 

Megalichthys  Hibberti,  Ag. 

Rhizodus. 

Palaeoniscus,  scales. 

Platysomus. 

Gyracanthus  formosus,  Ag. 

Orthacanthus  cylindricus,  Ag. 

Pleuracanthus  (Diplodus). 

Gibbosus,  Ag. 
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Rag  Mine  Ironstone  Shale  above  Knowles  Coal. 

Ulodendron  minus,  Lindl. 

Lepidodendron  obovatum,  Stemb. 

Sigillaria. 

Calamites  cannaeformis,  Schl. 

Neuropteris  heterophylla,  Brong. 

Anthracosia  subconstricta,  Sow. 

Megalichthys  Hibberti,  Ag. 

Holoptychius. 

Rhizodus  0arge  scale). 

Palaeoniscus,  scales. 

Gyrolepis,  sp. 

Platysomus,  2  var. 
Coelacanthus. 

Ctenoptychius  apicalis,  Ag. 

C.  denticulatus,  Ag. 

C.  pectinatus,  Ag. 

Petalodus. 

Archodus. 

Helodus  simplex,  Ag. 

Cladodus. 

Orthacanthus  cylindricus,  Ag. 

Gyracanthus  formosus,  Ag. 

Ctenacanthus  hybodoides,  Eg. 

Plenracanthus  laevissimus,  Ag. 

Leptacanthus. 

Teeth  with  numerous  cusps  (new). 

Brown  Mine. 

Asterophyllites  dubia,  Brong. 
Calamites  approximatus,  Brong. 
Ulodendron  majus,  Lindl. 
U.  minus,  Lindl. 
Anthracomya  small  sp. 
Anthracosia. 

13 


178  THE  IRON  ORES  OF  GREAT  BRITAIN. 

Megalichthys  Hibberti,  Ag. 

Rhizodus. 

Palseoniscus  Egertoni,  Ag. 

Platysomus,  2  sp. 

Ctenoptychius  apicalis,  Ag. 

Orthacanthus  cylindricus,  Ag. 

Close  to  the  bottom  of  the  lower  coal  measures,  at  Froghall 
and  Ipstones,  in  the  Cheadle  part  of  the  field,  and  separated 
from  the  millstone  grit  by  only  1  to  14  feet  of  shale,  there  is 
a  bed  of  calcareous  limonite  (often  called  red  limestone) 
ranging  from  an  inch  to  twenty  inches  in  thickness.  Its 
composition  is  as  under: — 

Dried  at  sia°  Fahr. 

Peroxide  of  iron        52'^3 

Protoxide  of  manganese       '81 

^9iim&    ...  ...  ...  ...  •••  ...  ...  wiivw 

L1IDC  ...  a*.  ...  ...  •••  ...  ...  I^AJI 

iKagnesia         ...  ...         •••         ...         ...         ...  j  7 

Carbonic  acid  18*74 

Phosphoric  acid  *3* 

Sulphuric  acid  ». '28 

waier ...         ...  ...         ...         ...         . ••         ...  4/d 

Organic  matter  1*30 


X otai    ...         ...         •■•        ...         ...         ...        9®  74 


Metallic  iron 36*98 

This  ore  also  is  often  striped  parallel  to  the  bedding, 
and  there  are  lines,  like  filled  joints  of  calcite,  occasionally 
in  it.  The  colour  of  the  stone  varies  from  brown  to  black 
or  red. 

Derbyshire.  The  output  from  this  area  in  187 1  was 
492,973  tons;  and  in  1890,  only  23,732  tons.  The  coal 
measures  have  a  maximum  thickness  of  about  31300  feet 
The  ironstones  occur  in  the  middle  part  of  them,  mostly 
between  the  Waterloo  Coal  and  the  Kilburn  Coal,  in  rocks 
having  a  thickness  of  about  1,400  feet. 
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The  following  section  will  show  the  relative  positions  of 
most  of  the  workable  ores : — 


Ft.   In. 


03 

w 

Pi 

=5 

O 
U 

w 

Q 


Upper  Coal  Measures. 
'  Top  hard  (Bamsley )  Coal 

OUAM  ...  ••■  ■••  •• 

oo&JL ...         . . .         ... 

OiIava  ...  ...  ••*  •• 

Dunshill  Coal 

Oualcl         ...  ...  ...  .. 

^**  win  •••  . . .  ... 

OUclln  ...  ...  ...  •• 

Blue  shale  with  IRONSTONE  .. 

Waterloo  Coal  

Coal  and  clay 

Strata 
Coal 
Strata 
Coal 
Strata 
Coal 
Strata 
Coal 

Strong  clay        

Soft  clay  with  large  IRONSTON 
otraia      ...         ...         ...         . , 

TAN  YARD  RAKE  (contains  9  in 
oirata      ...         . . .         ... 

Coal 

fc^WA  \JAMQ£    \f\J^mm  •••  •  •  •  •  « 

Shale  with  IRONSTONE 
oiiciia      ...  ...  , . .  . , 

CEMENT  RAKE  (in  dark  shale) 
oirata      ...         ...         ... 

BROWN  RAKE  (9J  in.   of  Ironstone  in  blue 
^         and  grey  shale) 


E  balls 
« 
of  Ironstone) 


4 

33 
o 

2 

37 
1 

4 

2 

2 

18 

1 


6 
o 

4 

2 

9 

9 
6 

3 
1 

4 
6 

6 

4 


25  8 
1  5 


52 
2 

38 

1 
1 

2 


4 
o 

6 

o 
o 

7 


19  10 
6  o 


29 
1 

2 

3 

36 

9 
65 


1 

5 

9 

2 

o 
o 

6 


8  i£ 


w 
-J 

Q 
Q 
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(\^OCU          . . .              . » •  • .  •              •••              •  •  •              •  •  • 

Strong  black  clay  

WUftl            .  ■  •                •  •  •  •••                «  .  .                •  •  •                •  • » 

Ouam*         •  •  •               •••  . . .               .  •  •               ••■               •  •  • 

BLACK  RAKE  (10  in.  of  Ironstone  in  black 
snaiey  •  •  •         •  •  •  •••         •••  ••• 

Ell  Coed 

Strata  (with  three  thin  coals) 

Deep  soft  Coal  

Strata  with  some  IRONSTONE  

Deep  hard  Coal        

Strong  white  clay  with  balls  of  IRONSTONE  ... 

Ou cL  va         •  •  •  ■•.  ...  ...  ...  ... 

Piper  Coal 

Strata  with  thin  coal      

OLD-MAN'S    RAKE   (4^   in.   of    Ironstone   in 
S  I  white  shale) 

<(  Very  strong  rock  

WHETSTONE   RAKE  (3$  in.  of  Ironstone  in 

white  shale)        *  ... 

Strata  with  5  in.  of  coal  

DOG-TOOTH  RAKE  (14   in.  of  Ironstone    in 

dark  and  white  shale)  (Wallis'  rake) 

Strata  with  8  in.  of  coal  

Furnace  Coal 

V/lUllvll  ■••  •  •  •  *  •  •  •••  •••  ••• 

THREE-QUARTERS  RAKE  (8  in.  of  Ironstone 
in  light  shale)  (nodule  rake)         

Dog-tooth  or  Three-quarters  Coal 

Strata  with  6  in.  of  coal  

BLAOK  SHALE  RAKE  (2  ft  3  in.  of  Ironstone 
in  white  shale)  (striped  rake)        

Yard  Coal 

Strata  with  1  ft.  of  coal  

Black  Shale  or  Clod  Coal  (Silkstone) 


w 

in 

< 


o 


Ft. 

In 

O 

7 

2 

7 

I 

2 

20 

6 

5 

9 

2 

2 

38 

10 

3 

6 

73 

3 

3 

11 

12 

2 

So 

10 

2 

3 

16 

2 

7 

si 

18 

0 

7 

3 

25 

5 

15 

4 

43 

oi 

4 

0 

4 

5 

9 

0 

1 

7 

76 

5 

33 

6 

3 

0 

24  11 

5 

4 
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J 


w 

CO 

O 

u 

w 

,3 


otrcltcL       •««  •••  •  •  •  ••• 

^^OSU  . .  •  •••  ■■•  ••■ 

Ollala  •••  •  •  •  •  •  •  •■• 

^^OSU  •  •  •  •  •  •  •  •  •  •  •  • 

,    uUala  •••  .■••  •••  ••• 

(  HOLLEY  CLOSE  RAKE  in  blue  shale 

Oil  AmI  .  .  .  •••  •••  ■•• 

\/wbU  •  • .  •  •  •  . « .  ••• 

Strata  with  two  thin  coals 

KilburnCoal 

V  Strata  with  three  thin  inferior  coals 
Millstone  Grit  


Ft. 

In. 

.     40 

3 

I 

10 

.     48 

11 

2 

5 

•       5* 

4 

21 

10 

6 

2 

2 

3 

.    280 

8 

•       3 

10 

900 

0 

ironstone, 

Below  the  Kilburn  coal  there  are  three  rakes  of 
called  respectively  Honey  Croft,  Dale  Moor,  and  Civilly  rakes, 
that  have  been  worked  in  the  neighbourhood  of  Stanton.  Sev- 
eral rakes  have  also  been  partially  worked  in  the  northern  part 
of  the  field  above  the  Top  hard  coal — viz.,  Brierly  Bank,  Inker- 
sal,  and  Measure  and  Balls  rakes. 

All  these  ironstones  occur  as  nodules  in  shale,  the  nodules 
being  in  rows,  whence  the  local  name  "  rake." 

Below  is  a  section  of  the  black-shale  rake  which  occurs  in 
the  country  between  Dronfield  and  Butterly. 

In.  Ft.  in. 

WHETSTONE,  lean       ... 

Shale 

SINGLE  BALLS,         do £ 

Shale 

DOUBLE  CHITTER,  do.       ... 

OilAl^  «    •  •  •   •   •  •  »  •  ••• 

CHEESES,  good  i£ 

onaie  . . .         ...  •••  ... 

BEARSTONE,  lean  ... 

oxiaic  ...  ...  ...  ... 

.UPPER  BLUES,  good  ... 

1  omuc  ...  ...  ...  ... 


/ 


« 

P 

CO 

< 


W  1 


o 
H 
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• 

t 

In. 

Ft 

In. 

CO 

Pi 

LOWER   BLUES, 

good 

■  •  • 

•  *  a 

li 

oiiaie    .  •  •              •  •  • 

*  • 

•  •  • 

•  a  • 

2 

o 

OLD-MAN, 

do. 

•  •  • 

•  •  • 

2 

oA<L16    .  •  •             •  •  • 

■  • 

•  •  • 

•  •  • 

I 

6 

o 

H 

OLD  WOMAN, 

do. 

■  •  • 

•  •  • 

I 

Shale,  with  irregular  bed  of 

Ironstone 

12 

o 

/SMOOTH  CHITTER, 

lean 

•  •  ■ 

a  a  • 

*i 

o  Qaie    « •  •              •  •  • 

a  a  • 

a  a  * 

3 

6 

FLAM  PAR  D, 

do. 

•  •  ■ 

•  •  • 

3 

onaie  . . .          •  •  •          • 

•  •  • 

•  *  • 

2 

o 

RED  MEASURE, 

good 

•  •  • 

a  •  • 

i£ 

onaie  . .  •         •  • . 

•  •  • 

•  •  • 

3 

o 

CHANOE  MEASURE, 

lean 

•  •  • 

•  •  • 

i 

• 

onaie  . .  >         •  •  •         • 

•  •  • 

•  •  • 

I 

6 

DUN  LINING, 

do. 

•  •  • 

a  a  • 

I 

f 

CO 

onaie  •  •  ■          •  •  •          « 

•  •  • 

a  a  a 

I 

o 

DUN  MEASURE, 

do. 

•  •  • 

a  a  • 

2 

onaie  . . .         •  • .         • 

•  •  • 

•  a  a 

2 

o 

5* 

o 

OVER-LUMPS, 

good 

■  •  • 

a  •  • 

I 

H-l 

oiiaie  •  •  •         .  • .         • 

•  •  • 

•  a  • 

I 

o 

NETHER-LUMPS 

do. 

■  •  a 

•  •  • 

I 

onaie  . . .         ... 

•  •  • 

a  a  a 

I 

6 

OVER-BOTTOMS, 

do. 

a  a  a 

•  a  a 

i£ 

oiiaie  . .  •         ...         • 

•  a  • 

•  a  a 

I 

6 

ROUGH   MEASURE, 

do. 

a  •  • 

•  •  • 

ii 

otiaie  ...         •  •  •         • 

•  •  • 

•  •  • 

I 

6 

< BOTTOM   MEASURE 

,  do. 

a  •  • 

•   a  • 

I 

23       33     6 


The  produce  per  acre  is  as  follows  : — 


Cement 

rake 

Pinder  Park 

it 

Brown 

»» 

Black 

tt 

Dogtooth 

tt 

Nodule 

V 

Tons. 
1800 
2000 
2500 
2000 
2000 
l6oO 
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Black-shale 

ral 

Striped 

n 

1  Green  close 

if 

1  Holly 

it 

1  Black  or  Kellands 

n 

1  Yew  tree 

i» 

Honey  croft 

n 

Dale  moor 

tt 

Civilly 

u 

Tons. 
4000  to  7000 
2500 
IOOO 
1200 
3000 
IOOO 

6000 

3000 

4000  to  5000 


The  chemical  constitution  of  the  ores  is  shown  by  the 
following  analyses,  from  the  "  Iron  Ores  of  Great  Britain/' 
Part  L* 


Constituents. 

Swal- 
low- 
wood 
Rake. 

Brown 
Rake. 

Black 
Rake. 

Dog- 
tooth 
Rake. 

Honey- 
croft 
Rake. 

Dale 
Moor 
Rake. 

Civilly 
Rake. 

Peroxide  of  iron 
Protoxide  of  iron 

„          „  manganese 

OaUCB        •■•                 •••                 ••• 

Alumina          

1*1  mC        •••              •••              *•« 

Magnesia 

Potash  ...        ...        ... 

Carbonic  acid 

Phosphoric  acid 
Sulphuric  acid 
Bisulphide  of  iron 
Water  combined 

»      hygroscopic    ... 
Organic  matter 

.79 

3372 
1*01 

l6*02 
6*41 

399 

549 

•47 
28*64 

•41 
trace 

•13 
•87 

•36 

I '49 

3799 

1*51 

10*04 

557 

459 

337 

•55 
29*92 

trace 
•06 

1*47 

74 
1-42 

2' 16 

33-56 
•96 

1713 
849 

317 
306 

•74 

2563 

79 

trace 

•26 

151 

•74 
1*57 

1-47 

38'97 
1*09 

H'90 

593 
1*62 

482 

•67 

30'H 

•48 

trace 

•05 

102 

•64 
•30 

2*30 
40*01 

1*26 
11*19 

5-9" 
278 

3-05 

•34 
29*72 

•34 
trace 

•09 

1*12 

138 

349 

3955 
1*50 

IO*22 

565 
338 

288 

28*63 

1*12 

trace 

05 
1*24 

'51 
114 

2*69 

33'3I 
218 

1724 

885 

2*32 

271 

P 
2483 

•62 
trace 

187 

•70 

185 

Total      

9888 

9952 

9977 

99*  10 

99'94 

9984 

9979 

Metallic  iron 

26*79 

30*60 

2715 

31-34 

3273 

33'20 

2779 

The  average  metallic  yield  of  all  the  ores  is  30  per  cent. 

Anthracosia  are  found  more  or  less  abundantly  in  all  the 
ironstones ;  in  the  Dog-tooth  rake  they  are  very  plentiful. 
Yorkshire  (West  Riding).    The  ironstones  of  this  area 

1  Between  black  shale  and  Kilburn  coals,  at  Morley  Park  and  Alfreton. 
*  Geological  Survey  Memoirs. 
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occur  partly  in  the  lower  and  partly  in  the  middle  coal 
measures,  the  thickness  of  the  two  groups  being  about  2,100 
feet  A  section  of  them,  as  found  in  the  northern  part  of  the 
field,  is  given  below : — 

/  Ft.    in.         Ft.    in. 

Warren   House    or   Gawthorpe 
Coal  (Barnsley  Coal  of  South 
.    part  of  field)      6    o    to    8    o 


& 


u 

w 

Q 
P 


Measures,  containing  4  thin  Coakr 
Top  Haigh  Moor  Coal  (Swallow- 
wood  Coal)        

OuSlvA  ••■  •••  •■•  ••• 

Low  Haigh  Moor  Coal    ... 

QUola  ...  •••  ••>  ••• 

Joan  Coal 

Strata,    containing    the    "  COCKLE- 
SHELL" BED  or  TANKERSLEY 

■VI  I  PI  Cm  •••  ...  ...  ••• 

Adwalton   Stone  Coal   (Flockton 

thick} 

Oil  Awl  •••         •••         •••         ...         ••• 

g  1  Adwalton  Black-bed  Coal  (Flock- 
ton  thin) 
Strata,    containing    Brown    Metal 
coals    ...        . ..        ...        ... 

Olfitla    •••  .  *  .  .  .  .  .  .  .  ... 

Green  Lane  or  Middleton  Little 

\J\J&A  •••  •••  •••  ••• 

fcJW  ALA    •••  ■••  •••  •«•  ••• 

Cromwell   or   Middleton   Main 
Coal  (=  Parkgate  Coal) 

kJHAK*    •■•  •••  •  •  •  «  •  •  •  t  • 

Three-quarters     or     Middleton 
Eleven  yards  Coal 

MUAIA    •••  •  •  •  •  •  •  ••■  ••• 

Blocking  Coal  (-  Barcelona  and 
\        Silkstone)  


200  o 

2  11    to    4  6 

32  o 

2  o 

250  o 

1     9    to    2  3 


42  o 

2     8    to    4  6 

36  o 

2     6    to    3  4 


92 

0 

76 

0 

0 

6 

to   3 

5 

70 

0 

I 

7 

to    4 

8 

52 

0 

I 

0 

to    2 

0 

100 

0 

1     6    to   3    2 
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/ 


3 

CO 

< 

s 

3 

u 

OS 

w 
o 

•J 


otislvA  . . >  . . .  ••> 

Louaey  Coal 

ouiUa  •••  ••■  ••■ 

Coal,  Churwell  Thin 

oliaia  •••  •••  ••• 

°oal IchurwellJ 

Strata ...         ...        ...     V     thick    1 

Shertcliffe-bed  Coal    J  [ 

otrata ...        ...         ... 

Crow  Coal 

BLACK-BED       IRONSTONE      ME  A- 

bUKuw     ...  ••• 

Black-bed  Coal     ... 

Measures    containing     the     "thick 

stone  * 
Better-bed  Coal    ... 

strata  ...  ...  ... 

Halifax  Hard  Coal 

Strata     containing      Middle-band 

^r  VOTAD  •  •  •  #  •  • 

Halifax  soft  Coal ... 

\otrata  ...         ...         ... 


Ft    in.        Ft  in. 

92  o 

1  6 

S3    o  to  77  o 

o  10    to    2  2 

27  o 

1  3 

25  o 

2    o    to    2  7 

190  o 

0  4    to    2  o 

38  o 

1  4    to    3  ° 

119  o 

0  9    to    2  6 

2  3    to    o  4 

60  o 

1  6    to    o  3 

80  o 


S  a-i 
30 


Upper  Grit  or  Rough  Rock  with  flags 
at  oase    ...         ...         . . .         ... 


180    o 


The  black-bed  ironstone  occurs  in  the  northern  part  of  the 
field,  where  it  has  been  largely  worked  at  Low  Moor  and  Bowl- 
ing. In  the  southern  part  of  the  field,  between  the  Barnsley 
and  Silkstone  coals,  several  ironstone  measures  have  been 
worked.  The  Claywood  or  black  shale  mine,  18  to  42  feet 
above  the  Silkstone  coal,  and  the  Tankersley  or  mussel-band, 
10  to  20  feet  above  the  Flockton  thick  coal,  are  the  most 
important.  The  latter  extends  also  into  the  northern  area. 
There  are  also  in  the  south,  the  Swallow-wood,  over  and  near  the 
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coal  of  that  name,  that  is  about  60  yards  below  the  Barnsley 
coal ;  the  Lidgate,  about  50  yards  above  the  Tankersley ;  the 
Thorncliffe  black  mine,  about  75  feet  above  the  Parkgate 
coal ;  and  the  Thorncliffe  white  mine,  immediately  below  the 
Parkgate  coal. 

Sections  of  the  measures  vary  greatly  in  different  areas. 
Those  following  are  given  simply  to  illustrate  the  mode  of 
occurrence  of  the  ironstone  : — 


Black-bed  Ironstone  {workable  pari). 


In. 

2 


In. 


IRONSTONE  

Black  shale  10 

IRONSTONE  2 

Black  shale  ...         ...         ...        ...  10 

IRONSTONE  2 

Black  shale  8 

IRONSTONE  3J 

Black  shale  ..         ...  6 

IRONSTONE  1 

Black  shale  5 

Black-bed  Coal  

The  thickness  of  workable  ironstone  in  these  measures 
varies  throughout  the  district  from  3  ft.  to  10 j  in.,  and  the 
associated  shale  from  1  ft.  10  in.  to  6  ft.  8  in.  In  the  measures 
(5  feet  thick)  immediately  above  this  section  there  are  several 
courses  of  ironstone  known  as  the  "  white-bed."  The  quality 
of  the  ore,  however,  is  not  so  good  as  that  of  the  "  black-bed." 

Claywood  Ironstone. 


In. 

Ft.  in. 

IRONSTONE  (in  two  beds) 

•  •  • 

•  •  • 

4 

Grey  shale 

*  •  • 

•  *  • 

6     0 

IRONSTONE  (bed) 

•  •  • 

•  •  • 

4 

Dark  shale  ...         

•  •  • 

•  •  • 

3     0 

IRONSTONE  (bed) 

■  •  • 

•  •  • 

Black  shale  with  nodules  of  Ironstone 

•  •  • 

4 

6j 

Total 
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The  thickness  of  these  measures  varies  in  different  districts 
from  5  J  feet  to  17  feet. 


Tankersley  Ironstone  (in  the  south). 

Shale  (light-coloured)        

IRONSTONE  

Black  shale  with  nodules  of  Ironstone 
IRONSTONE  

Outtul  •  •  •  •  • «  » •  •  •  •  • 

Flockton  Thick  Coal 


Tanhersley  Ironstone  (in  the  north). 


In. 


Ft.  in. 


3 


3     o 
19    6 


IRONSTONE 

Black  shale 

IRONSTONE 

Black  shale 

IRONSTONE 

Black  shale 

Adwalton  Stone  Coal 


In. 

2 

3 
3 


Ft.  in. 

9 
1     o 


The  measures  range  in  thickness  from  2  to  13  feet,  the 
ore  from  5  to  8  inches. 

The  produce  per  acre  from  these  measures  is  as  under  : — 


Tankersley 
Thorncliffe  black  mine 

„  white 

Claywood 
Black-bed 


n 


Tons.  Tons. 
2000  to  3000 
1500    — 

I5<»    — 
1500  to  1600 

I200    — 


The  ironstones  occur  partly  as  thin  beds,  and  partly  as 
nodules.  Some  of  the  nodules  contain  thin  veins  of  barite  and 
calcite;  others  films  of  pyrite.  Anthracosia  are  met  with  in 
some  of  them,  especially  the  Tankersley. 

The  composition  of  the  ores  has  been  determined  by 
analysis,1  as  set  forth  in  the  subjoined  table : — 


1  Geological  Survey  Memoirs,  "  Iron  Ores  of  Great  Britain  "  Part  \. 
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Black-bed 

Black 

White 

Clay 

Constituents. 

Mine 
(Low- 

Mine 
(Thorn- 

Mine 
(Thorn- 

Wood 
(Park- 

Moor). 

cliffe). 

cliffc). 

gate). 

Peroxide  of  iron           

1*45 

2'39 

I '60 
39'3» 

I"3° 
39*87 

Protoxide  of  iron          

36l4 

4177 

„         „  manganese 

138 

ri3 

•95 

138 

oiiica       •••         ...         ••■         ••• 

1737 

8'93 

I2l6 

1350 

Alumina  ...        ...         ...        ... 

674 

479 

6*42 

613 

i^iuic         ...         ...         •••         . .. 

270 

255 

2*26 

2*12 

Magnesia            ...        ••• 

2*17 

3'85 

389 

277 

Potash     ...         ...        ••• 

■65 

•43 

2938 

18 

Carbonic  acid     ...          

2657 

3139 

28'47 

Phosphoric  acid            

34 

75 

•47 

•69 

Sulphuric  acid 

trace 

trace 

— 

trace 

Bisulphide  of  iron        

•10 

trace 

trace 

05 

Water  combined           

116 

115 

141 

1 -21 

„      Hygroscopic      

•61 

•68 

« 

Organic  matter 

2*40 

•86 

"54 

Total 

9978 

10054 

9960 

99*09 

Metallic  iron       

29*12 

3416 

3182 

31*92 

The  average  metallic  yield  of  these  ores  is  about  3a  per  cent. 

Northumberland  and  Durham.  Ironstone  has  been 
worked  in  both  the  lower  and  middle  coal  measures  here,  but 
only  in  a  small  way,  and  has  now  ceased  altogether.  A  seam 
about  4^  inches  thick  was  worked  about  18  inches  above  the 
high  main,  another  2  inches  thick  formed  *the  roof  of  the 
Hutton-seam ;  and  low  down  in  the  measures,  at  Shotley  Bridge, 
ironstone  was  also  obtained. 

Again,  ironstone  has  been  worked  at  Redesdale  and 
Hareshaw,  in  the  carboniferous  limestone  series,  which,  there, 
is  so  much  split  up  by  sandstones,  shales,  and  coal,  that  we 
seldom  find  a  bed  of  limestone  exceeding  20  feet  in  thickness. 
The  ironstone  has  been  chiefly  worked  on  one  horizon  (lower 
Bernician),  where  it  occurs  as  nodules  (spherical  or  flattened) 
in  a  bed  of  shale  about  30  feet  thick.  This  bed  was  worked 
opencast  some  years  ago  for  a  considerable  distance.  It  was 
said  to  yield  over  5,000  tons  per  acre.  The  nodules  contain 
strings  of  calcite — apparently  filled  cracks. 

Scotland.  North  Staffordshire  and  Scotland  are,  at  the 
present  time,  the  principal  sources  of  argillaceous  ironstone  in 
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f! 


the  country.  Together  they  produce  about  six-sevenths  of  that 
description  of  ore  now  being  raised. 

As  already  stated,  the  ironstones  of  Scotland  are  raised  partly 
from  the  coal  measures,  and  partly  from  the  middle  and  lower 
part  of  the  carboniferous  limestone  series.  The  latter  are  locally 
known  as  the  lower  coal  measures,  from  the  occurrence  in  them 
of  several  beds  of  valuable  coal. 

Some  ironstones  are  also  found  in  the  millstone  grit,  or 
moor  rock. 

The  following  section  at  Muirkirk,  in  the  Ayrshire  coalfield, 
will  serve  to  illustrate  the  position  of  these  ironstones  : — 

Ft.    in. 

Coal 

Strata 

Coal 

OL  JaLa  •  • .  ...  • . .  •■•  ... 

THREE-FOOT  COAL  (Claud)  

O  Li  a  La  *••  •••  •••  •  •  •  • . . 

SEVEN-FOOT  COAL  (Maid)  

oiraca  »••         ...         ...         ...         ... 

Coal  (Low  Maid) 

oiraia  .  • .         . . .         ...         . . .         ... 

^^^/^•A    •••  . . .  ...  . .  •  ...  .*• 

wliiilil  ...  ...  ...  ...  ••• 

MUSSEL-BAND  IRONSTONE  (Kiltongue) 

*J  U  fUcli  ...  ...  ...  ...  ••• 

Five-foot  Coal      

OUald  ...  ...  •••  ...  ... 

Six-foot  Coal        

*JHrtL<»  ...  •*.  •••  ...  ••• 

BLACKBAND  IRONSTONE  (upper  slaty)  ... 

wllAM  •••  •••  •••  ••■  . . . 

\THIN  BLACKBAND  (lower  slaty) 


8 


CO 

< 

O 

U 


2 

6 

12 

0 

5 

0 

66 

0 

3 

3 

54 

0 

7 

0 

3 

0 

3 

0 

108 

0 

2 

4 

126 

0 

0 

6 

18 

0 

5 

6 

18 

0 

6 

6 

138 

0 

1 

0 

60 

0 

0 

6 

o 


3o  o 


Strata  consisting  chiefly  of  sandstones,  grits, 

fireclays,  and  thin  coals  840 


I<JO 


w 

CO 

w 
o 

3 

CO 

o 

w 

h 

s 

< 
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( Bluetour  limestone 

Bluetour  Coal       

O  UttUl  •  «  •  •••  ■  •  >  «  ■  •  .  .  . 

Limestone 

Tibby  Pagan's  limestone     

OUALA  ...  ■••  >.«  •••  ■■• 

Coke-yard  Goal 

O LlALA  •••  .  •  •  »  >  »  *  .  .  .  •  .  ■ 

Limestone 

ouala  •••  •••  •••  . «.  ••« 

Limestone     ...        ...        ... 

oiraia.              ...         • « ■          ...  •  ■  •          • .  < 

^  Ell-Coal  Limestone 

/oltaIa              ••■          ...          •••  ••«          ••■ 

Ell  Coal 

O  LX  aLa  >  •  t  •••  •••  .  *  •  •  •  < 

BLACKBAND  AND  IRONSTONE  ... 

O  Li  a  La  • . .  * . .  ...  ...  ■*{ 

Seven-foot  Coal 

Oil aLa  ...  ■••  ...  ...  ••! 

Nine-foot  Coal     

O  LI  A  LA  ...  ...  ■••  •••  *.i 

HIGH-BAND  IRONSTONE  (clay) 

OlXaIa  •••  •••  •••  •••  . . 

MID-BAND  IRONSTONE  (clay)        

OLIaLa  ••*  ■  •  .  ■••  ■••  •• 

Thirty-inch  Coal 

O  Li  ALA  •••  >••  ...  ...  ■  * 

Six-foot  or  Catchy  bun  Coal 

oiraca  . . .         ...         ...         . . .         . . 

LOW-BAND  IRONSTONE  (clay)      

OUaLa  ...  ...  ...  » . .  . . 

McDonald  Coal 

Oil  ALA  ...  ...  .*•  •••  •  • 

McDONALD  IRONSTONE  (clay)     

\  O  lTaIa  •••  •••  •  •  •  • « • 


Ft. 

in. 

52 

O 

8 

O 

6o 

O 

2 

O 

90 

O 

6 

2 

72 

O 

3 

6 

78 

0 

4 

0 

48 

0 

1 

3 

30 

0 

2 

3 

36 

0 

4 

0 

4 

0 

0 

10 

36 

0 

11 

2 

30 

0 

7 

6 

3° 

0 

1 

2 

3° 

0 

1 

3 

6 

0 

2 

6 

30 

0 

6 

0 

48 

0 

1 

0 

12 

0 

5 

0 

12 

0 

1 

2 

2 

0 
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/McDonald  Limestone 

OlTala  •••  •  •  •  . . « 

SMITH  IRONSTONE  (clay)... 

Ollaul  • .  •  ...  . » « 

. .    Limestone 
\    |S  Strata 


w 

CO 

w 
55 
o 


o 

w 
fa 

o 
m 


o 


Ft. 

in. 

36 

0 

30 

O 

0 

4 

12 

O 

3 

O 

2 

3 

0 

6 

18 

0 

21 

6 

*\ 


CROSSFLATT  IRONSTONE  (clay) 

oucua  .*■  •••  . . . 

Hawthorn  limestone 

Wee  limestone         

VCalciferous  sandstone  series 

O  * 

The  carboniferous  limestone  series,  over  a  very  large  area, 

is  divisible  into  three  groups,  as  shown  above ;  the  upper  and 

lower  containing  coals  and  thin  limestones,  interstratified  with 

sandstones  and  shales;   the  middle  containing  coals  but  no 

limestone.     The-  chief  repository  of  ironstone  is  the  middle 

and  lower  groups.     Taking  first  the  ironstones  occurring  in 

the  limestone  series,  those  found  at  Muirkirk  and  Lugar  are 

shown  in  the  above  section.     In  the  Dairy  district  there  are 

two  principal  ironstones  worked,  both  of  which  occur  in  the 

middle  group ;  one,  a  blackband,  occurring  about  30  fathoms 

below  the  Borestone  coal,  and  varying  in  thickness  from  4  to 

14  inches,  the  other,  a  clayband,  about  32  fathoms  lower, 

and  ranging  from  12  to  18  inches  in  thickness. 

In  the  southern  part  of  the  Ayrshire  coalfield  a  seam 
known  as  the  Burnfoot  blackband  is  worked.  It  varies  in 
thickness  from  2  inches  at  Cumnock  to  27  inches  at  Dalmel- 
lington ;  and  is  considered  to  be  the  equivalent  of  the  slaty 
band,  at  the  base  of  the  coal  measures,  in  the  Clyde  basin. 

In  the  Clyde  basin  the  coal  measures  contain  the  iron- 
stones named  in  the  subjoined  table : — 

Ft.  in. 

PALACE-CRAIQ  IRONSTONE  (Blackband)      ...  9 

Strata        ...         ...         ...         ...         ...        ...     96  o 

Upper  Coal      5  o 

Strata        ...        ...         ...         ...         •••        ...  104  o 
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Fl   in. 

Ell  Coal 5    6 

OLXnlA               <••                 •••                 ••■                 «  «  .                 •  •  •                 •  •  •  O 

Pyotshaw  Coal           4    o 

tjllaul            •  • .              •••              •  •  •              •  •  •              •  •  •              •••  21       O 

Main  Coal        4    2 

dClcLlcl            •••             • .  •             ••■             ••■             •••             •••  j4      ^ 

Humph  Coal 2    5 

Splint  Coal       4    3 

Oil  Ala             •  •  •               ••«               •••               • « •               •••               •••  U       \J 

Virgin  Wee  or  Sourmilk  Coal      23 

OucKa             •  •  •               •••               ••■               •••               •••               •••  /•        " 

AIRDRIE  OR   QUARTER    B  LAC  KB  AND    IRON- 
STONE varies  from  1  ft.  to  1  ft  6  in.         ...  1     4 

OtTalA            ...              ...              ...              ...              ...              ...  QO       O 

NEWARTH-HILL     AND     CLELANO      ROUGH- 
BAND  IRONSTONE  B.B.  2  in.  to  8  in.      ...  6 

OUaIa             ...               ...               ...               ...               ...               ...  Q       O 

Virtuewell  Coal         2    4 

OUaIa              ...                ...               ...               ...                •••               ...  •  /        © 

BELLSIDE  IRONSTONE,  B.B.  from  5  in.  to  9  in.  6 

O  LIcILa             ...               ...               ...               ...               ...               ...  /2       O 

KILTONQUE       MUSSEL-BAND     IRONSTONE, 

B.B.  from  1  ft  4  in.  to  1  ft.  8  in 1     3 

OliaLa          ...           ...           •••           ...           *••           ...  33 

Kiltongue  Coal           3    6 

OtlALA                ...                   •••                   ...                   ...                   ...                   ...  33         O 

Upper  Drumgray  Coal  (furnace) 2    o 

otraca       ...         •■•         ...        ...         ...         ...  30    o 

Lower  Drumgray  Coal  (smithy)     23 

oiraca        ...         ...         ...         ...         ...         ...  240    o 

1  UPPER    SLATY   IRONSTONE,   B.B.    o    ft.    to 

3  ft.  6  in.      ...         ...         ...         ...         ...  1     2 

Strata       ...        %..         ...        ...        ...         ...  99    o 

LOWER    SLATY    IRONSTONE,    B.B.   o   in.    to 

8  ft.  o  in.     ...        ...        ...        ...         ...  1     10 

1  Position  of  Burnfoot  Blackband  in  Ayrshire. 
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In  the  same  area  the  ironstones  of  the  carboniferous  lime- 
stone series  occur  in  the  middle  group,  and  are  less  constant 
in  horizon  than  the  ironstones  of  the  coal  measures  passing 
under  a  variety  of  names  in  different  parts  of  the  field.  They 
occur  both  as  blackbands  and  claybands. 

Speaking  generally,  the  ironstones  occur  as  beds  or  seams 
of  variable  thickness,  and  frequently  assume  a  lenticular  form. 
Some  of  the  blackbands  have  been  traced  into  coal,  as,  for 
example,  that  worked  at  Craigmark,  Dalmellington ;  which 
passed  eastward  into  a  gas  coal.  The  lower  slaty  ironstone 
of  the  Clyde  basin  is  also  occasionally  replaced  by  coal. 
The  claybands  frequently  become  poorer — more  limy — as  the 
thickness  increases. 

The  chemical  composition  of  the  ores  is  indicated  by  the 
following  analyses : — 


Constituents. 


Peroxide  of  iron ... 
Protoxide,,    „     ... 

tt  t>  man- 
ganese   

Silica 

Alumina 

Lime         ...         ... 

Magnesia 

Carbonic  acid 

Phosphoric  acid ... 

Sulphur   ... 

Iron  combined  with 
sulphur 

Bituminous  matter 

Water      


Total  ... 


Metallic  Iron 


Specific  gravity  ... 


Blackbands. 


I 

2 

3 

•23 

— 

— 

5303 

32'H 

4165 

— 

I05 

— 

1*40 

I2'40 

•52 

•63 

7*06 

•96 

333 

2-82 

576 

177 

108 

3*52 

35*17 

22-87 

33'°8 

— 

•82 

•84 

^~* 

•22 

•25 

— 

l9 

'22 

303 

i860 

II'l6 

141 

75 

2*04 

ioo-oo 

ICO'OO 

IOO'OO 

3940 

2519 

32*62 

— 

— 

3471 


456 
2-85 

502 

120 

26*47 

•36 

•36 

•32 
22*71 

1-44 


Claybands. 


IOO'OO 


27"32 


—  —         2'38 


37'54 

3"6o 

11-20 

6-23 

650 

"43 
2894 

1-92 

•27 

•24 
203 
no 


24*90 

I'22 

680 

327 

i6"55 

754 

3561 
176 

•3i 

•27 

73 
52 


IOO'OO 


9948 


4731 

trace 

1012 

710 

•97 

•91 

30*22 

49 
trace 


232 
•56 


8 


3831 


632 
582 

875 
3'4i 

3404 

1  02 

•23 

•20 

I-02 

■88 


IOO'OO   IOO'OO 


2941    1963  \ 36*80  \ 30-00  \ 


3'32  \ 


13 
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No.  i  is  Mushet's  or  the  Airdrie  blackband,  No.  4  Dairy 
blackband,  and  No.  8  Dairy  clayband.  The  average  metallic 
yield  of  the  blackbands  may  be  taken  at  34  %,  of  the  claybands 
30%.  Specific  gravity  of  the  blackband  ironstones  2*1  to  3*69, 
of  the  clay- bands  2*81  to  3*5. 

Both  the  blackbands  and  claybands  fluctuate  considerably 
in  thickness,  and  also  in  quality.  In  the  former  the  iron  varies 
from  25  to  40%,  in  the  latter  from  19  to  37%.  The  earthy 
materials  in  the  ores  vary  from  5  £  to  24%  in  the  blackbands, 
and  from  19  to  25%  in  the  claybands.  Some  of  the  latter 
contain  as  much  as  17%  of  lime.  They  effervesce  freely  when 
treated  with  acid — in  some  parts  more  than  others.  Take  the 
case  of  the  Dairy  clayband ;  it  is  more  limy  in  the  lower  part 
than  in  the  upper. 

The  blackband  ironstones  also  contain  lime  in  places.  In 
them,  however,  it  occurs  in  lenticular  bands,  and  is  not  dis- 
tributed through  the  mass  as  in  the  claybands.  The  bitu- 
minous matter  of  the  blackbands  occurs  throughout  the  stone 
in  irregular  layers,  sometimes  not  thicker  than  a  sheet  of  paper, 
at  other  times  as  much  as  half  an  inch  or  more  in  thickness. 
The  alternating  coal  and  irony  matter  frequently  give  the  stone 
quite  a  striped  appearance,  and  occasionally,  as  in  the  slaty 
band,  this  is  accompanied  by  a  fissile  structure. 

A  list  of  the  organic  remains  yielded  by  these  ores  will  be 
found  in  the  following  table  (partly  after  the  Geological 
Survey) : — 

In  the  Carboniferous  Limestone  Series. 

Dairy  Blackband  Ironstone 

Cyclopteris  orbicularis  (?),  Brong. 
Lepidodendron  gracile,  Lindl. 
Anthracomya  modiolaris,  Sow. 
Nautilus  subsulcatus,  Phill. 
Myalina  modiolaris,  Sow. 
Leptacanthus  junceus,  M'Coy. 
Megalichthys  Hibberti,  Agass. 
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Dairy  Clayband  Ironstone, 
Leperditia  Scoto  Burdigalensis,  HilA). 
Lingula  squamiformis,  Phill. 
Rhizodus  Hibberti,  Agass. 

Lingula  Ironstone  {Carluke). 

Avicula  prisca,  M'Coy. 

Aviculopecten  duplicicosta,  M'Coy. 
„  fallax,  M'Coy. 

Pinna  Ivaniskiana,  M.  V.  &  K. 

Area  arguta,  Dekon. 

Cardiomorpha  tenera,  Dekon. 

Cypricardia  oblonga,  M'Coy. 

Edmondia  prisca,  M'Coy. 

Leptodomus  fragilis,  M'Coy. 

Lithodomus  Jenkinsoni,  M'Coy. 

Modiolo  lingualis,  Phill. 
„        Macadami,  Porth. 

Naticopsis  elliptica,  Phill. 
„         Omaliana,  Dekon. 

Blackband  Ironstone  underlying  Lesmahagow  Gas  Coal 
(base  of  Middle  Limestone  Series). 

Stigmaria. 

Spirorbis  carbonarius,  Murch. 

Entomostraca. 

Anthracomya,  Sp. 

Myalina,  Sp. 

Lingula  Squamiformis,  Phill. 

Acanthodes  Wardi,  Eg. 

„         sulcatus,  Ag. 
Caelacanthus,  Sp. 
Ctenoptychius,  Sp. 
Gyrolepis  (one  ramus  of  small  jaw). 
Megalichthys  Hibberti,  Ag. 
Palaeoniscus,  Sp. 
Rhizodus  Portlockii,  Ag. 
Coprolites  (plentiful). 
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McDonald  Clayband,  Ironstone,  and  Shales. 

Athyris,  Sp. 
Discina  nitida,  Phill. 
Lingula  squamiformis,  Phill. 
Productus  longispinus,  Sow. 

„         punctatus,  Mart. 

„         semireticulatus. 
Rhynchonella,  Sp. 
Spirifera  Urei,  Flemg. 
Aviculopecten,  Sp. 
Pecten  Sowerbii,  M'Coy. 
Leda  attenuata,  Flemg. 
Leptodomus  costellatus,  M'Coy. 

Myalina,  Sp. 

Schizodus  deltoideus,  PhilL 
Solenopsis  minor,  M'Coy. 
Euomphalus  carbonarius,  Sow. 
Macrocheilus,  Sp. 
Bellerophon,  Sp. 
Orthocerus  affine,  Sow. 
„  (large,  Sp.). 

Petalodus  Hastingsae,  Owen. 

In  the  Coal  Measures. 

Slaty  Band. 

Lepidostrobus,  Sp. 
Lingula  mytiloides,  Sow. 
Asterophyllites  charaeformis,  Sternb. 
Ulodendron  Lindleyanum. 

Kiltongue  Mussel-band. 

Calamites. 

Lepidodendron  Sternbergii,  Brong. 
Anthracosia  acuta,  Sow. 
„  Sp. 
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Airdrie  Blackband. 

Lepidostrobus  levidensis. 

„  tennis. 

„  Russellianus. 

Beyrichia  arcuata. 
Anthrapalaemon  Grossarti,  Salter. 
Spirorbis  carbonarius,  Murch. 
Lingula  squamiformis,  Phill. 
Anthracosia  phascola,  Sow. 
„         centralis,  Sow. 
„  ovalis,  Mart.1 

Rhizodopsis  (scales). 
Strepsodus  (teeth). 
Megalichthys  coccolepis,  Young. 

„  rugosus,  Young. 

Uronemus  magnus,  Trag. 
Anthracosaurus  Russelli,  Hux. 
Megalerpeton  plicideus,  Young. 

„  simplex,  Young. 

Pteroplax  cornuta,  H.  &  A. 

„        brevicornis,  Young. 
Pholoderpeton,  Sp.,  Hux.2 
Cladodus  lcevis,  M'Coy. 
Harpacodus  dentatus,  Ag. 
Gyracanthus  tuberculatus,  Ag. 

Palace-craig  Blackband. 
Calamites,  2  Sp. 
Lepidodendron,  Sp. 
Lepidostrobus,  Sp. 
Estheria  tenella. 

Leperditia  Scoto-burdigalensis,  Hib.  (?). 
Prestwichia,  Sp. 
Anthracoptera,  Sp. 

1  Also  in  Bcllside  ironstone. 

2  Also  in  Palace-craig  blackband. 
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Ctenodus  (scales). 

Megalichthys  Hibertii  Agass,  jan,  etc. 

„  scales,  etc. 

Pleuracanthus  gibbosus,  Agass. 
Ctenacanthus  major,  Agass. 
Ctenoptychius  pectinatus,  Agass. 
Diplodus  gibbosus,  Agass. 
Pleurodus  affinis,  Agass. 
Calacanthus  leptarius,  Agass. 
Dendroptychius  Sp.,  Hux. 

General  Observations  on  Argillaceous  Ironstones. 

One  of  the  first  things  that  strikes  us  in  a  study  of  these 
ores  is  the  existence  of  crack-like  cavities  in  the  nodules,  and 
their  absence  from  the  beds,  or  seams,  of  ironstone.  Both 
forms  of  ore  are  intersected  by  the  two  sets  of  vertical  jointing 
usual  in  rocks,  and  also  by  more  or  less  evident  bed-jointing ; 
but  in  the  larger  nodules  these  joints,  or  some  of  them,  seem 
to  be  widened  toward  the  centre,  so  that  cavities  are  formed 
which,  in  section,  have  frequently  a  lenticular  shape.  The 
outer  part  of  the  nodules  are  more  or  less  concretionary,  and 
the  crack-like  cavities  mentioned  do  not  extend  into  this  part 
of  the  ore.  Nor  do  they  appear  in  the  smaller  nodules ;  but 
when  a  certain  size  is  reached  the  cavities  are  found  as  slightly 
widened  vertical  joints.  These,  as  the  nodules  increase  in  size, 
become  longer  and  wider.  Other  cavities  then  appear  along 
the  bed-joints,  and  in  the  largest  nodules  a  most  complicated 
network  of  cavities  is  found,  many  of  which  are  filled,  wholly 
or  partially,  with  other  substances.  These  cavities  are  usually 
supposed  to  be  cracks,  due  to  contraction;  but,  as  will  be 
shown  later,  they  have  presumably  a  very  different  origin. 

Vegetable  and  animal  remains  are  found  alike  in  nodules 
and  in  seams  or  beds,  frequently  lying  side  by  side,  and  many 
of  them  converted  into  carbonate  of  iron.  In  the  beds  they 
are  quite  flattened. 

In  those  ironstones  resting  on  coal  seams  it  is  not  uncom- 
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mon  to  find  short  thin  layers  of  pure  coal  enclosed  in  the 
ironstone,  which  have  no  connection  whatever  with  the 
underlying  seam. 

The  specific  gravity  of  backhands,  speaking  generally,  is 
less — sometimes  very  much  less — than  that  of  claybands,  a 
fact  doubtless  due  to  the  large  admixture  of  carbonaceous 
matter  in  the  former ;  though,  at  the  same  time,  they  contain 
less  argillaceous  matter  than  the  claybands.  For  the  same 
reason  the  loss  in  calcination  is  greater  in  blackbands  than 
in  claybands;  but  the  metallic  yield  is  then  proportionately 
greater  in  the  former  than  in  the  latter. 

The  following  table,  giving  the  average  percentage  weights 
of  the  iron  and  the  more  important  rock-forming  minerals  in 
the  clay  ironstones  of  different  parts  of  the  country,  is  inter- 
esting from  several  points  of  view.  In  the  first  place  it  shows 
that  whatever  variations  there  may  be  in  the  relative  amounts 
of  iron  and  silica,  the  ratio  of  silica  to  alumina  is  fairly  con- 
stant, and  is  about  2  to  1.  It  further  shows  that  lime  is  the 
most  variable,  in  quantity,  of  any  mineral  in  these  ores,  and 
that  when  the  iron  is  low  the  lime  and  magnesia  are  high. 


Metalli- 
cerin. 

Silica. 

Alumina. 

Lime. 

Magnesia. 

South  Wales 

Shropshire     

Staffordshire  (South) 
(North) 

Derbyshire     

Yorkshire       

Scotland         

31-40 

37-i8 

3475 
37#i6 

2994 

3175 
30-00 

II  59 

771 

IO-64 

559 

13*39 
1299 

8-6i 

551 
3*74 
467 
2-65 
6'6o 
632 
5'6o 

429 

2'57 
2'37 

2"57 
3-00 

241 

8-19 

371 
2' IO 

1-85 
189 
3-62 

317 
307 

Average 

3317 

io*o8 

4-98 

3'6 1 

2*77 

CHAPTER  VII. 
THE  IRON  ORES  OF  THE  SECONDARY  ROCKS. 

I.  Introductory. 

THIRTY  years  ago  the  bulk  of  the  ore  used  in  British 
iron  manufacture  was  obtained  from  the  carboniferous 
rocks,  and  only  about  10  per  cent,  came  from  the  secondaries. 
Now,  about  56  per  cent,  of  the  raise  comes  from  these  rocks, 
as  will  be  seen  from  the  following  table  : — 

Ores  raised  and  consumed  in  the  United  Kingdom. 

In  1855.  In  1890. 

From  the  Secondary  rocks             ...       1,044,384  ...  9,060,169 

„      „    Carboniferous  rocks       ...      8,478,860  ...  4,838,977 

„      „    other  rocks         30,497  ••■  54*792 

Total 9.553.741     •••  *3,953,938 

The  fall  that  has  taken  place  in  the  quantity  of  ore  coming 
from  the  carboniferous  rocks  is  confined  almost  entirely  to 
the  earthy  carbonates  of  the  coal-measures,  as  there  has  been 
a  very  considerable  increase  in  the  oxides  yielded  by  the  car- 
boniferous limestone.  This  will  be  rendered  clear  by  the  table 
that  follows : — 

Ores  raised  from  the  Carboniferous  Rocks  of  the 

United   Kingdom. 


In  1855. 

In  1890. 

Carbonates,  mainly  from  the  Coal- 

measures            

7,848,635     . 

..     2,414,017 

Oxides  from  the  carboniferous  lime- 

sione       ...         ...         ...         ... 

630,225     .. 

.     2,424,960 

Total 8,478,860     ...     4,838,977 
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It  is  thus  seen  that  the  output  from  the  coal-measures  has, 
during  the  time  embraced  in  these  tables,  fallen  about  46  per 
cent,  whilst  that  from  the  secondary  rocks  has  increased  nearly 
900  per  cent. 

Notwithstanding  this  enormously  increased  importance  of 
the  ores  from  the  secondary  rocks,  comparatively  little  is  known 
regarding  them,  with  the  exception  of  those  of  Cleveland  and 
Northamptonshire.  A  list  of  the  more  important  works  con- 
taining references  to  the  subject  will  be  found  below  : — 

1857.  "Outline  of  the   Main   or  Stratified   Ironstone  at 

Cleveland,"  by  John  Marley.  Transactions  of  the 
North  of  England  Institute  of  Mining  and  Mechani- 
cal Engineers ,  vol.  v. 
1857-8.  "Ironstone  of  Rosedale  Abbey,"  by  Joseph 
Bewick.  Transactions  of  the  North  of  England 
Institute  of  Mining  and  Mechanical  Engineers, 
vol.  vi. 

1858.  "  On  some  Comparative  Sections  in  the  Oolitic  and 

Ironstone  Series  of  Yorkshire,"  by  John  Phillips. 
Quarterly  Journal  of  the  Geological  Society^  vol.  xiv. 
1858-9.  "Magnetic  Ironstone  in  Rosedale,"  by  Nicholas 
Wood.  Transactions  of  the  North  of  England 
Institute  of  Mining  and  Mechanical  Engineers, 
vol.  vii. 

1859.  "  Geology  of  the  Country  around  Woodstock,"  by 

E.  Hull.    Memoir  of  Geological  Survey. 
1 86 1.  "Geological  Treatise  of  the  District  of  Cleveland,  in 

North  Yorkshire,"  by  Joseph  Bewick. 
1869-70.  "  Magnetic  Ironstone    of  Rosedale  Abbey,"    by 

John  Marley.    Transactions  of  the  North  of  England 

Institute  of  Mining   and   Mechanical    Engineers, 

vol.  xix. 
1870.    "The    Oolites   of  Northamptonshire,"  Part    1,  by 

Samuel  Sharpe.    Quarterly  Journal  of  the  Geological 

Society,  vol.  xxvi.,  part  3. 
1870.  "  Additional  Observations  on  the  Neocomian  Strata 
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of  Yorkshire  and  Lincolnshire,"  by  J.  W.  Judd. 
Quarterly  Journal  of  the  Geological  Society,  vol.  xxvi., 
part  3. 

1872.  "Geology  of  the  Neighbourhood  of  Banbury,"  by 

Thomas  Beesley. 

1873.  "The   Oolites  of  Northamptonshire,"  Part  2,  by 

Samuel  Sharpe.    Quarterly  Journal  of  the  Geological 

Society \  vol.  xxix.,  part  2. 
1875.  "  Geology  of  North-West  Lincolnshire,"  by  Rev.  J. 

E.    Cross.      Quarterly  Journal  of  the   Geological 

Society ',  vol.  xxxi.,  part  2. 
1875.  "  Geology  of  Rutland,"  by  J.   W.   Judd.     Memoir 

of  Geological  Survey. 

1875.  "The  Beds  of  Ironstone  occurring  in  Lincolnshire," 

by  J.  Daglish  and  R.  Howse.  Transactions  of  the 
North  of  England  Institute  of  Mining  and  Mechani- 
cal Engineers,  vol.  24. 

1876.  "  The  Yorkshire  Oolite,"  Part  2,  by  W.  H.  Hudle- 

ston.     Proceedings  of  the  Geological  Association. 

1876.  "  The  Frodingham  Ironfield,"  by  George  Dove,  Jun. 

Journal  of  the  Iron  and  Steel  Institute. 

1877.  "On  the  Corallian   Rocks  of    England,"  by  J.  F. 

Blake  and  W.  H.  Hudleston.     Quarterly  Journal 

of  the  Geological  Society,  vol.  xxxiii.,  part  2. 
1877.  "Tne  Yorkshire  Lias,"  by  Tate  and  Blake. 
1880.  "The  Resources   of  the  Cleveland  Ironstone,"  by 

G.  Barrow.    Proceedings  of  the  Cleveland  Institute 

of  Engineers. 
1881-2.  "The  Iron  Ores  and  Mines  of  Cleveland,"  by 

Thomas   Allison.      Proceedings  of  the   Cleveland 

Institute  of  Engineers. 

1885.  "  The  Iron  Industry  of  Frodingham,"  by  G.  Dove. 

Proceedings  of  the  Institute  of  Mechanical  Engineers. 

1886.  "The  Iron  Ores  of  the  English  Secondary  Rocks," 

by  J.  D.  Kendall.  Transactions  of  the  North  of 
England  Institute  of  Mining  and  Mechanical 
Engineers. 
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Partial  Description  of  the  Secondary  Rocks. 

The  ores  now  to  be  described  occur  in  the  Jurassic  and 
Cretaceous  rocks,  which  are  usually  subdivided  as  below. 


Cretaceous 


Upper 
Lower 


/ 


Jurassic  ... 


...' 


Upper  Oolite 
Middle      „ 

Lower      „ 


/Chalk. 
...«  Upper  greensand. 

IGault. 
...    Neocomian. 

t  Purbeck  beds. 
...  -j  Portland    „ 
I  Kimmeridge  clay. 
[Coralline  rocks. 
"'  (Oxford  clay. 
Corn  brash. 
Forest  marble. 
Great  oolite. 
Fuller's  earth. 
.Inferior  oolite. 


\ 


Liassic 


(  Upper  lias. 
..."!  Middle    „ 
v  Lower    „ 


It  is  only  intended  to  notice  those  ores  that  either  are  or 
have  in  recent  times  been  worked  somewhat  extensively. 
These  all  occur  below  the  Gault,  and  are  confined  to  a  few 
horizons,  as  will  be  seen  on  reference  to  Plate  II.  The  rocks 
in  which  they  are  found  rise  to  the  surface  in  two  main  areas. 
One  forms  an  irregular  band,  extending  from  the  sea  coast  on 
the  north  of  Yorkshire  to  that  on  the  south  of  Dorsetshire  (a 
distance  of  about  three  hundred  miles),  having  a  maximum 
breadth  of  about  fifty-eight  miles,  and  a  minimum  breadth  of  less 
than  a  quarter  of  a  mile.  The  other  area,  which  is  much  smaller, 
occurs  in  the  counties  of  Hampshire,  Surrey,  Sussex,  and  Kent. 
Although  famous  as  an  iron-making  district  upwards  of  two 
hundred  years  ago,  this  latter  area  does  not  now,  and  has  not, 
for  more  than  sixty  years,  produced  any  iron  ore,  for  the  simple 
reason  that  it  is  too  far  from  the  coalfields.  In  its  days  of 
prosperity  there  was  plenty  of  timber  from  which  charcoal 
could  be  made.  Both  the  areas  referred  to  are  shown  on 
Plate  III.,  Fig.  1,  the  larger  being  hatched  at  different  angles  in 
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its  several  parts  (lettered  respectively  a,  b>  e),  to  indicate  the 
areas  occupied  by  the  Liassic,  Oolitic,  and  Neocomian  rocks 
respectively.  The  smaller  area  (lettered  c)  contains  only  rocks 
of  Neocomian  age.  Plate  III.,  Fig.  2,  gives  a  generalised 
section  of  the  strata  in  the  larger  area.  Generally  speaking, 
the  dip  of  the  beds  in  that  area  is  to  the  south-east,  as  shown 
on  the  section.  The  angle  of  dip  is  usually  low,  the  beds 
being  at  times  nearly  level.  This  south-easterly  dip  is,  in  a 
great  measure,  due  to  the  thinning  of  the  beds  in  that  direction, 
as  shown  in  Figs.  3  and  4,  which  are  taken  along  approximately 
north-west  and  south-east  lines. 

The  different  members  of  the  Jurassic  system  are  fairly 
comformable  to  one  another,  and  so  are  those  of  Cretaceous 
age,  which  have  to  be  dealt  with;  but  there  is  a  great  un- 
conformity between  the  two  rock  systems.  This  will  be  best 
understood  by  reference  to  Plate  III.,  which  shows  how  the 
Cretaceous  rocks  overlap  those  of  the  system  below.  South 
of  the  Wash  there  is  a  broad  band  of  Oolitic  rocks,  between 
the  Lias  and  Neocomians,  but  as  the  Humber  is  approached 
this  band  becomes  gradually  narrower,  and  at  about  twelve  miles 
north  of  that  river  it  disappears  altogether,  and  the  cretaceous 
rocks  rest  directly  upon  the  Lias.  The  unconformity  is 
equally  marked  in  other  areas,  but  the  grouping  together  of 
the  oolitic  rocks  in  Plate  III.  does  not  permit  it  to  be  shown. 

On  reference  to  Plate  II.  it  will  be  seen  that  there  is  a  con- 
siderable difference  in  the  thickness  of  the  various  members 
of  both  the  Liassic  and  Oolitic  rocks,  as  they  occur  between 
Yorkshire  and  Wiltshire.  This  arises  mainly  from  the  south- 
easterly attenuation  of  the  strata  already  pointed  out.  There 
are  also  important  changes  in  the  lithological  characters  of 
some  of  the  rocks,  as  will  appear  from  the  following  summary 
of  those  characters  exhibited  by  the  formations  in  different 
parts  of  their  course. 

Lower  Lias  may  be  said  to  consist  generally  of  blue  shaly 
clay,  with  a  few  thin  beds  of  limestone  in  its  lower  part, 
especially  near  the  base. 

Middle  Lias,  or  marlstone,  is  divisible  into  two  parts, 
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the  upper,  or  "  rock  bed,"  consisting  of  argillaceous  limestone 
generally,  but  sometimes  partly  or  wholly  of  argillaceous  or 
calcareous  ironstone.  The  lower  member  includes  sands  (some- 
times sandstones),  and  clay  or  shale. 

Upper  Lias.  This  formation  consists  generally  of  bluish 
shaly  clay,  with  nodules  of  earthy  limestone,  but  at  places, 
as  in  Cleveland,  it  includes  grey  shivery  shales. 

Inferior  Oolite.  This  is  perhaps  the  most  variable  forma- 
tion of  any  that  has  to  be  dealt  with,  and  has  given  most 
trouble  to  geologists.  In  Wiltshire  it  consists  entirely  of 
calcareous  rocks.  In  Mid-Oxfordshire  it  is  also  calcareous ; 
but  the  thickness  is  greatly  reduced,  and  it  appears  to  be  the 
equivalent  of  only  the  uppermost  part  of  the  formation  as 
developed  in  Wiltshire,  the  lower  portion  having  thinned  off 
in  the  manner  already  alluded  to  before  reaching  this  part 
of  Oxfordshire.  In  Northamptonshire  the  formation  consists 
largely  of  sands  and  sandstones,  the  upper  part,  in  places,  con- 
taining irregular  calcareous  beds.  The  lower  part  frequently 
occurs  as  an  iron  ore.  In  Mid-Lincolnshire  it  presents  two 
separate  divisions  over  a  considerable  area,  the  lower  part 
being  iron  ore,  the  upper  limestone  (the  Lincolnshire  lime- 
stone). In  North  Yorkshire  the  formation  is  made  up  of  alter- 
nations of  sandstone  and  shale,  known  as  the  Estuarine  series, 
in  which  a  bed  of  limestone,  called  the  Millepore  bed,  occurs 
about  three-quarters  up  from  the  base. 

The  rocks  between  the  inferior  oolite  and  the  Coral  rag  do 
not  contain  iron  ore  in  workable  quantities,  so  far  as  is  known, 
so  that  it  will  be  unnecessary  to  notice  them. 

The  rocks  associated  with  the  ore  of  the  Coral  rag,  and  the 
Neocomians,  will  be  described  later  on. 

II.  Detailed  Description  of  the  Ores. 

Deposits  in  the  Lower  Lias. 

The  only  deposit  of  ore  in  these  rocks,  that  has  been  worked 
up  to  the  present  time,  occurs  at  Frodingham  in  North  Lincoln- 
shire.    Its  vertical  position  is  shown  on  Plate  II.     For  a  long 
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time  it  was  considered,  and  perhaps  by  some  is  still  thought, 
to  be  the  equivalent  of  the  Cleveland  main  bed,  but  there  is 
now  not  any  doubt  whatever  that  it  is  in  a  much  lower  geological 
horizon.  It  occurs  in  the  zone  of  A,  scmicostatus,  which  in 
Cleveland  is  about  480  feet  below  the  main  seam  of  ore, 
although  at  Frodingham  it  is  only  about  161  feet  below  the 
equivalent  of  the  latter  bed,  owing  to  the  south-easterly 
attenuation  of  the  rocks,  as  previously  mentioned.  The  ore 
occurs  in  the  form  of  a  bed,  with  a  gentle  inclination  towards 
the  east.  Its  maximum  thickness  is  only  about  25  feet,  but 
owing  to  its  slight  dip,  combined  with  the  level  nature  of  the 
ground,  its  outcrop  occupies  a  wide  stretch  of  country. 

The  geological  horizon  in  which  the  ore  occurs  will  be 
seen  from  the  following  section,  obtained  in  sinking  a  shaft 
to  the  ore  between  Appleby  village  and  the  railway  station : — 

Ft. 
Limestone  (Lincolnshire)  ...    36 

/Blue  shale 34 

Upper  Lias     •(Sandstone 

(Grey  shale 

Iromtone  (Cleveland    main 

0CHU1 1        •  •  •  ••■  •  •  • 

'Shale  with  cement-stone  no- 

QUIC9  •••  •••  ••• 

Iromtone  (Pecten  bed)    ... 

Blue  shale 

Ironstone  (Frodingham  main 

Below  the  main  bed  of  ore  to  the  bottom  of  the  Lias  there 
are  probably  about  200  feet  of  bluish  clay  with  thin  limestones. 
The  ammonites,  mentioned  on  the  right  of  the  section,  were 
not  found  in  the  sinking,  but  in  corresponding  beds  not  far 
from  it. 

The  working  of  the  ore  bed  is,  at  present,  confined  to  its 
outcrop,  and  to  the  dip  side  thereof.  The  "  rise  "  part  of  the 
bed  under  the  village  of  Frodingham,  and  to  the  west,  is  not 
considered  worth  working.  Where  the  ore  is  worked  it  is 
merely  covered  by  fine  yellow  sand,  varying  from  1  to  20  feet 
in  thickness. 


Middle  Lias 


In. 
8 

4 
1  11 

25  10    A.  Communis. 
7  10     n    Spinatus. 


Lower  Lias 
(upper  part  of) 


67 

4 
«9 


6 
6 

9 


22    6 


i» 


11 


11 


»» 


Capricorn  us. 

Armatus. 

Raricostatus. 

Semicostatus. 


FRODINGHAM   IRONSTONE.  207 

As  already  mentioned,  the  working  is  confined  to  the  dtp 
side  of  the  outcrop.  The  bottom  part  of  the  bed  being  very 
low  in  iron,  and  the  workable  portions  above  it  containing 
three  limestone  bands  in  its  lower  half,  it  will  be  readily  under- 
stood why  the  deposit  under  Frodingham,  and  to  the  west,  is 
so  much  inferior  to  the  eastern  part  of  the  outcrop.  The 
greatest  thickness  of  the  workable  part  of  the  ore  bed  may 
perhaps  be  taken  at  16  feet,  and  the  average  at  about  12  feet. 
When  looked  at  from  a  little  distance,  the  ore  has  a  distinctly 
bedded  appearance,  which  is  decidedly  increased  by  the  occur- 
rence of  the  calcareous  bands,  as  they  are  of  a  much  lighter 
colour  than  the  more  orey  parts  of  the  bed.  But  apart  from 
these  lighter  coloured  bands  the  ore  itself  is  distinctly  bedded, 
the  beds  being  thin  and  irregular,  as  shown  in  the  section 
below : — 


Ft 

In. 

Fine  yellow  sand  (surface 

covering) 

•  •  • 

I 

6 

Iron  Ore,  very  open-jointed  and  much  disturbed 

•  •  • 

2 

0 
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•  •* 

•  •  •                 •  •  • 

*  •  • 

O 
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•  ••                 • •  • 
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•  •  • 

■  •  •                 •  ■  • 

•  •  • 
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7 

Total  thickness  of 

ore  and  limestone 

13 
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The  general  colour  of  the  ore  is  snuffy-brown. 

The  laminae  of  the  top  layer  of  ore  are  much  thinner  than 
any  of  those  below,  and  they  are  much  more  broken  up.  They 
seem  to  have  been  subjected  to  some  disturbance,  as  the  small 
thin  pieces  in  which  the  ore  now  exists  form  anticlinals  and 
synclinals  almost  throughout  the  layer.  This  part  of  the  bed 
is  also  much  less  compact  than  those  below. 

Sometimes,  in  the  midst  of  the  brown  ore,  a  nodule,  or  a 
discontinuous  layer  of  nodules,  of  greenish  or  greyish  ore  may 
be  seen,  especially  in  the  lower  part  of  the  bed ;  in  fact,  they 
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seem  to  be  entirely  absent  from  the  upper  part.  They  have 
usually  a  flattened  form,  and  the  brown  ore  immediately 
adjoining  them  is  darker  and  much  more  compact  than  the 
rest.  The  ore  reached  by  the  sinking  between  Appleby  and 
the  station  was  entirely  green  and  grey.  Both  the  brown  and 
the  green  ore  have  a  prevailing  pelitic  appearance,  though  both 
are  oolitic  in  places.  This  latter  structure  occurs  in  a  very 
interrupted  manner,  but  still  it  is  so  frequent,  that  a  piece  of 
the  size  of  a  man's  hand  is  almost  sure  to  exhibit  it  to  some 
extent.     Many  of  the  oolitic  grains  are  hollow. 

The  limy  bands,  which  graduate  on  both  sides  into  the 
ore,  contain  numerous  fossils,  and  so  does  the  ore,  the  same 
species  being  found  in  both.  The  prevailing  forms  belong  to 
the  genera  Cardinia  and  Gryphaa.  So  abundant  is  Gryphaa 
incurva,  that  one  or  more  specimens  may  be  found  in  almost 
every  piece  of  any  size  that  is  lifted.  The  Rev.  J.  E.  Cross,1 
who  has  devoted  considerable  time  to  the  geology  of  the 
district,  has  obtained  from  the  ore  bed  a  great  variety  of 
organic  remains,  as  shown  by  the  following  list : — 

Ammonites  Bucklandi  (?),  Sow. 

„  Conybeari,  Sow. 

„  semicostatus,  Y.  and  B. 

„  Brookii,  Quenst. 

„  aureus,  Dumortier. 

„  Gmundensis,  Dumortier. 

„  Boucaultianus,  D'Orb. 

„  scipionanus  (?),  Quenst. 

„  compressarius  (?),  Quenst. 

Nautilus  striatus,  Sow. 
Belmnites  acutus,  Mill. 
Pleurotomaria  anglica,  Sow. 
Tancredia  ferrea,  n.  sp. 
Cardinea  gigantea,  Quenst. 
„        Copides  (?),  Rickh. 

1  "  Geology  of  North- West  Lincolnshire,"  Quarterly  Journal  of  the 
Geological  Society,  vol.  xxxi.,  1875. 
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Cardinea  crassissima  (?). 
„        Morrisii  (?),  Terq. 
„        n.  sp. 
Astarte  dentilabrum,  Ether. 
Cucullea  ovum,  Quenst. 
Pholadomya  ambigua,  Sow. 
Myoconcha  oxynoti,  Quenst. 
Modiola  oxynoti,  Quenst. 
„       Morrisii,  Oppel. 
Hippopodium  ferri,  n.  sp. 
Gervillia  betacalcis,  Quenst. 
Lima  gigantea,  Sow. 

„  „        small  var. 

„     Hermanni,  Voltz. 

„    hettangiensis,  Terq. 

„    dupla,  Quenst. 
Pecten  equalis,  Quenst. 

„       duressus,  large  smooth. 

„      texturatus,  Goldf. 
Gryphaea  incurva,  Sow. 
Carpentaria,  sp.  (Terquemia). 
Spiriferina  Walcotti,  Sow. 

Most  of  the  shells  retain  their  limy  character,  but  in  some 
the  lime  has  been  partly,  in  others  wholly,  replaced,  by 
carbonate  or  hydrated  peroxide  of  iron. 

The  quality  of  the  bed  is  very  unequal  in  its  different 
layers.  The  variations  will  perhaps  be  best  illustrated  by  the 
method  adopted  in  the  table  on  next  page.  The  analyses 
therein  given  were  made  soon  after  the  samples  had  been 
taken  from  the  bed,  so  that  the  percentage  of  hygroscopic 
water  in  them  is  very  nearly  the  proportion  which  actually 
exists  in  the  different  parts  of  the  bed  in  situ. 

It  will  be  seen  from  these  analyses  that  the  bulk  of  the  ore 
is  a  hydrated  peroxide  or  limonite,  not  very  rich  in  iron,  and 
that  it  is  best  at  the  top.  In  the  course  of  working,  a  con- 
siderable portion  of  the  limy  beds  is  rejected ;  but  even  then, 
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the  average  yield  of  the  ore  passed  through  the  furnaces  is 
only  about  27  or  28  per  cent,  of  iron.  This  low  yield  is  com- 
pensated by  the  ease  with  which  the  ore  is  wrought,  and  the 
fact  that  the  furnaces  for  smelting  it  have  been  built  on  the 
spot.  The  high  percentage  of  carbonate  of  lime  throughout 
the  greater  part  of  the  bed  is  very  conspicuous,  much  of  it 
being  probably  due  to  the  large  number  of  shells  in  the  ore ; 
but  it  also  exists  apart  from  these,  and  in  a  mechanical  condi- 
tion, too,  as  some  of  the  poorer  brown  ore  where  shells  are 
absent  effervesce  very  briskly  when  wetted  with  acid.  The 
best  ore  does  not  so  effervesce.  On  account  of  the  excess  of 
lime,  the  ore  generally  has  to  be  mixed  in  the  furnace  with 
about  5  or  6  per  cent,  of  silicious  ore  from  Mid-Lincolnshire. 
Beds  A  and  B  in  the  above  analyses,  it  will  be  seen,  are  much 
higher  in  silica  than  any  of  the  others.  This  is  probably 
owing  to  some  of  the  overlying  sand  having  found  its  way  into 
the  numerous  crevices  which  exist  in  A  and  B,  especially  in  the 
former,  but  the  sand  would  separate  itself  naturally  from 
the  ore  in  the  process  of  working,  so  that  the  yield  of  iron  in 
these  two  parts  of  the  bed,  as  they  reach  the  furnaces,  is 
probably  5  per  cent,  higher  than  is  shown  in  the  above 
analyses,  and  the  silica  proportionately  less. 

The  average  of  eleven  analyses  gives  the  following  as  the 
percentage  weights  of  the  more  important  earths,  etc.,  con- 
tained in  the  ore  : — 

Average.  Extremes  of  Variation. 

Silica  1 178  ...         5*55  to  2440 

Alumina 4*68  ...        3*30  „     6*62 

Lime  9-51  ...        179  „    13*93 

Magnesia 1*66  ...  '58  „     3*02 

Below  is  an  analysis  of  one  of  the  greenish  kernels  which 
are  found  amid  the  brown  ore : — 

Water  at  2120  Fahr 5*31 

Combined  water  and  organic  matter           5*3  * 

Peroxide  of  iron         12*87 

Protoxide  of  iron        I4"^3 

Oxides  of  alumina  and  magnesia     4*^9 

Lime     2078 
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Magnesia          ...  ...        ...        ...        ...        ...  2*26 

Phosphoric  acid          1*00 

Carbonic       „  ...        ...         ...        ...         ...  23*82 

Sulphuric      „  ...         ...        ...        ...        ...  trace 

Bisulphide  of  iron       -26 

Insoluble  silicious  matter      8*67 

Total      ...  ...        ...        ...        ...        ...  100*00 


Metallic  iron    ...         ...        ...        ...        ...        ...      20*68 

Some  of  these  green  kernels  yield  above  30  per  cent,  of 
metallic  iron,  others  less  than  20  per  cent.  They  also  con- 
tain a  considerable  quantity  of  carbonate  of  lime,  much,  of 
which  seems  to  be  in  mechanical  combination,  as  the  ore,  when 
treated  with  acid,  effervesces  freely. 

The  average  specific  gravity  of  the  brown  ore  is  about  2*8, 
but  it  is  very  porous,  as  shown  by  the  fact  that  it  absorbs  from 
15  to  30  per  cent,  of  its  volume  of  water,  even  when  in 
an  air-dried  condition.  The  great  practical  importance  of  this 
fact  will  be  better  appreciated,  when  it  is  stated  that  in  dry 
weather  a  ton  of  iron  can  be  made  with  5  cwt.  less  ore  than 
is  requisite  in  wet  weather.    • 

Deposits  in  the  Middle  Lias. 

More  ore  is  raised  in  the  United  Kingdom  from  this  forma- 
tion than  from  any  other.  It  all  comes  from  one  geological 
horizon,  the  "rock  bed"  or  upper  part  of  the  middle  lias, 
and  most  of  it  from  one  locality — Cleveland.  The  description 
will  therefore  begin  with  that  district. 

Cleveland.  The  development  of  the  Lias  here  is  partly 
shown  in  Plate  II.  (Section  N.  Yorkshire),  but  it  will  be  better 
understood  with  the  help  of  the  following  general  section : — 

Dogger  Series  (Inferior  Oolite). 

Ft.    in. 
'Shale   with  cement-stone   no-  \ 

dules  (alum-shale  series)    ...  1 15  o  /  A.  communis. 

Upper  Lias  ^  Shale    with   dogger  (jet    rock  > 

series)  48  o  1  A.  serpentinus. 

.Grey  shale  with  doggers        ...     30  o  J  A.  annulatus. 
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In  dividing  this  section  into  Upper,  Middle,  and  Lower 
Lias,  lithological  characters  have  been  considered,  rather  than 
palaeontological,  as  being  more  useful  in  practice. 

The  main  seam  of  ironstone  is  the  only  one  that  has  been 
wrought  extensively,  though  a  lower  seam  has  been  wrought  in 
one  part  of  the  district.  The  main  seam  is  known  to  extend 
over  a  very  large  area,  probably  exceeding  350  square  miles ; 
but  the  area  over  which  it  can  be  profitably  worked,  at 
least  for  many  years  to  come,  is  much  less  than  this,  probably 
not  a  fifth  of  it,  and  may  be  said  to  lie  mainly  within  the  area 
north  of  an  east  and  west  line  (magnetic)  passing  through 
Kildale ;  though  at  Grosmont,  outside  that  area,  a  considerable 
quantity  of  ore  has  also  been  raised.  That,  however,  came  only 
in  part  from  the  main  seam,  and  partly  from  another  and  lower 
seam.  The  main  seam,  as  far  as  is  known,  may  approximately  be 
said  to  lie  within  a  triangle,  having  one  of  its  angles  at  Redcar, 
another  at  Robin  Hood's  Bay,  and  the  third  at  Thirsk. 

The  general  dip  of  the  bed  and  of  the  strata  in  which  it 
occurs  is  to  the  south-east,  at  a  low  angle,  about  1  in  15, 
perhaps,  on  an  average ;  but  there  are  numerous  variations  and 
even  reversals,  where  the  rocks  are  thrown  into  gentle  undu- 
lations or  are  disturbed  by  faults. 

Except  at  its  outcrop,  the  bed  throughout  its  known  area 
is  covered  by  the  upper  lias,  and  for  a  great  part  of  that  area 
by  the  inferior  oolite  as  well. 
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The  outcrop  of  the  ore  bed  is,  as  a  rule,  narrow.  The  con- 
tracted width  is  owing  to  the  general  steepness  of  the  ground 
where  the  bed  comes  to  the  surface,  a  rather  striking  feature  in 
the  physical  geography  of  Cleveland ;  which  arises  partly  from 
the  comparatively  soft  shales  of  the  upper  lias  being  covered, 
and  therefore  to  some  extent  protected  from  denudation,  by 
the  harder  sandstones  of  the  lower  estuarine  series,  and  partly 
from  the  fact  that  the  ore  is  underlain  as  well  as  overlain  by 
soft  shale. 

In  consequence  of  the  narrowness  of  the  outcrop  very 
little  of  the  ore  has  been  worked  "opencast."  The  bulk  of 
it,  therefore,  has  had  to  be  mined.  Some  of  it,  as  at  Eston 
and  Upleatham,  etc.,  has  been  worked  by  inclined  drifts  from 
the  outcrop.  In  other  cases  shafts  have  been  sunk,  and  some 
of  them  are  of  considerable  depth ;  one,  put  down  a  few  years 
ago  at  Lumpsey,  being  over  600  feet.  The  North  Skelton  pit 
is  upwards  of  740  feet,  and  the  Kilton  pit  is  about  680  feet. 

The  thickest,  and  perhaps  the  best,  part  of  the  bed  is  along 
its  outcrop  by  Normanby,  Eston,  and  Upleatham,  whence  it 
becomes  gradually  reduced  in  thickness  towards  the  south- 
east, until  a  line  passing  from  Roseberry  and  Lofthouse  is 
reached  Along  that  line  a  thin  shale  appears  near  the 
middle  of  the  ore.  This  shale  increases,  and  the  two  beds 
of  ore  diminish  in  thickness  on  to  a  line  between  Kildale  and 
Runswick,  where,  perhaps,  the  limit  of  the  workable  bed  is 
reached;  at  least,  it  is  very  unlikely  that  it  will  be  worked  on  the 
south-east  side  of  this  line,  except  in  times  of  high  prices,  until 
it  has  been  nearly  exhausted  on  the  north-west,  which  certainly 
will  not  be  for  a  great  many  years.  The  reduction  in  the 
thickness  of  the  ore  and  the  increase  of  that  of  the  intervening 
shale  in  a  south-easterly  direction  will  perhaps  be  best  under- 
stood by  reference  to  the  diagrammatic  section  on  Plate  IV. 
(p.  256),  extending  from  Eston  to  Grosmont.  It  will  there  be 
seen  that  the  bed  becomes  more  and  more  split  up  by  shale 
on  the  south-east,  until  at  Grosmont  it  is  scarcely  recognisable. 
Accompanying  the  expansion  of  the  intervening  shales  is  a  dete- 
rioration in  the  quality  of  most  of  the  ore,  so  that  at  Grosmont 
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only  the  lowest  part  of  the  main  bed,  as  developed  at  Eston, 
is  workable.  This  part  is  called,  at  Grosmont,  the  Pecten 
seam.  About  30  feet  below  this  there  is  another  seam  called 
the  Avicula  seam,  which  has  also  been  worked  at  Grosmont ; 
but  it  is  not,  at  present,  of  any  value  in  the  district  where  the 
main  seam  is  best,  that  is  in  Cleveland. 

Examined  in  detail,  along  its  north-east  outcrop,  at  Eston 
and  Upleatham,  the  main  seam  yields  the  sections  given  below. 

Eston.      Upleatham. 
Grey  shale  and  ferruginous  nodules  (roof). 

A.  Ironstone  (top  block)  in  alternate  hard 

and  soft  layers  (not  worked) 3      2 

B.  Ironitone  (main  block) 12     o 

C.  „        (bottom  block,  not  worked)  ...     I    10    . 
Shale  (sole). 

The  alternately  hard  and  soft  layers  in  the  top  block  A.  are 
very  variable,  as  may  be  seen  from  the  following  detailed 
measurements  of  them  at  different  places  along  the  outcrop : — 


3 
10 

2 


O 

o 
o 


Eston  Old  Bank. 

Ft.  in. 
Hard  ore  band    on 

Softer  laminated 

ore o  1 

Hard  ore  band  o  2 

Softer  laminated 

ore    ...        ...  o  of 

Hard   ore  band  o  3 

Softer  laminated 

ore o  ij 

Hard  ore  band  o  2| 

Softer  laminated 

ore o  1} 

Hard  ore  band  o  3$ 

Softer  laminated 

ore o  3| 

Hard  ore  band    o  2} 

*Softer  lamina- 
ted ore        ...  o  2 

Hard  ore  band     o  1} 

♦Softer  lamina- 


ted ore 
Total 


o  2 


3  2 


Eston  Junction. 

Ft.  in. 
Hard  ore  band     I    I J 

Softer  laminated 
ore   ...        ...  o 

Hard  ore  band    o 

Softer  laminated 
ore   ...        ...  o 

Hard  ore  band     I 

♦Softer  lamina- 
ted ore        ...  o  3$ 


U 

3 

2| 

I 


Hobb  Hill. 

Ft.  in. 
Softer  laminated 

vlv       •  •  ■  •  •  • 

Hard  ore  band 
Softer  laminated 

wlC      •  •  •  •  •  • 

Hard  ore  band 
Softer  laminated 

urc    •  •  •  •  ■  • 

Hard  ore  band 
♦Softer  lamina- 
ted ore        ...  I 


o 
o 

o 
o 

o 
o 


5 

4 

44 

51 


oi 


Total 


3   i* 


Total 


2  10J 
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The  bands  marked  thus  *  frequently  contain  a  large  quan- 
tity of  bisulphide  of  iron,  and  are  consequently  known  as 
sulphur  bands.  They  have  been  largely  used  as  a  substitute 
for  pyrite  in  the  chemical  works  at  Washington  and  Middles- 
borough.  The  hard  ore  bands,  at  the  outcrop  at  least,  are 
frequently  in  a  concretionary  condition,  and  often  look  like 
lines  of  doggers. 

In  Skinningrove  and  Slapewath  mines,  nearly  on  the  dip 
side  of  the  best  part  of  the  bed,  the  following  sections  are 
obtained : — 

Skinningrove.     Slapewath. 
Shale  (roof). 

A     Ironstone  (top  dogger)  left  on  in   In.     In.  In.     In. 

working         3  to  6  ...     I  to  6 

mstone 4  „  o  ...    3  „  o 

,         (middle    dogger)    hard 

and  not  drilled  in  working    1   „  6  ...     1   „II 


4  m   O     ...     4   tt 


Shale.    Hard  green,  with  bands 
of  ferruginous  doggers. 


On  the  south-east  side  of  the  first  line  above  mentioned, 
the  middle  dogger,  at  Slapewath  and  Skinningrove,  is  partly 
replaced  by  shale,  as  seen  in  the  section  below,  of  the  old 
Hutton  mines  (after  Marley) : — 

Ft.  In. 

Ironstone  1    4 

a  .  (        ..  mixed  with  shale I    2 

•**  be  I 

g. S  I  Sulphur-band o    2 

<8o  jlronitone          o  2) 

•3  *  \  Sulphur-band o  2 

/-Ironstone          3  5 

B        J         „        very  shaly o  5 

1  ■•  ••  •  •••  »•  •••  •  •  •  A        O 

Shale,  with  bands  of  ferruginous  dogger      ...      46 
flronstono  ...        ...        ...        ...        ...      1    o 

\s  I  oflaie  ...  ...  ...  ...  ...  ...         "      4* 

I  Ironstone  1    6 

Shale  (sole). 

Dipward  from  the  strike  line  through  Old  Hutton  mines 
the  ironstones  diminish,  and  the  shale  between  them  thickens 
gradually  towards  the  south-east,  so  that  along  the  second  line 
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named   a  section  something  like  the    following  at  Kildale 
occurs: — 

Ft.  In. 

{Ironstone  ...        ...        ...        ...        ...        ...  o  11 

„        very  shaly       1  I 

Sulphur-band       o  6 

f  Ironstone  ...        ...        ...        ...        ...        ...  2  o 

I  Ironstone ...        ...        ...        ...        ...        ...  1  7 

Shale,  with  ferruginous  bands 2  7 

C    Ironstone  ...        ...        ...        ...        ...        ...  2  6 

Shale  (sole). 

At  Grosmont  the  section  is  as  follows : — 


/ 


a 

> 

a 

u 
°\ 

a 

$ 
tn 

x 

< 


\ 


Ironitona,  limy    ... 
Shale  ...        ... 

Ironitona,  limy    ... 
onaie  ...         ... 

Ironstone,  limy  .... 

Shale 

Ironstone,  limy    ... 

Shale,  sandy 

Ironstone,  limy    ... 

Shale,  sandy 

Ironstone,  limy    ... 

Shale,  sandy 

Dogger  band 

Blue  grey  shale,  sandy 

80  [  Ironstone 

Black  shale 

Ironstone 

Greyish  sandy  shale 
Ironstone,  limy  ... 
Shale  ...  '.., 
flronstone  ... 
Shale 

.Ironstone  ... 
Shale 


Hi] 


Is 


33J, 

3*li 


••• 


0 

3 

6\ 
6 

0 

4 

2 

0 

0 

10 

3 

1 

A. 

1 

8 

\  and 
B. 

4 

4 

0 

6 

3 

10 

0 

6 

1 

7 

0 

6/ 

4 

0 

1 

0 

) 

1 

6 

C. 

2 

0 

) 

4 

0 

1 

0 

22 

0 

1 

0 

0 

4 

2 

5 

Speaking  generally,  the  ore,  except  the  top  block,  is  thick 
bedded,  and  intersected  by  two  sets  of  vertical  joints.  Its 
prevailing  colour,  where  covered  by  the  upper  Lias,  is  bluish- 
grey.    Towards  the  base  it  becomes  somewhat  greenish,  and 
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the  bottom  block  C.  is  a  dark  greenish-grey.  Along  the  out- 
crop the  bed  is  mostly  altered  to  a  hydrated  peroxide,  and  the 
colour  is  snuff-brown,  except  when  there  still  remain  a  few 
greyish  or  greenish-grey  cores  of  the  carbonate.  These  cores 
are  very  few  and  small  where  the  bed  is  uncovered,  but  increase 
in.  size  and  number  as  the  unaltered  part  of  the  bed  is  ap- 
proached. The  distance  to  which  the  brown  ore  extends 
inwards  depends  upon  the  thickness  of  the  cover.  At  Eston, 
for  instance,  where  the  ground  is  very  steep  above  the  out- 
crop, and  the  upper  Lias  consequently  soon  attains  a  con- 
siderable thickness,  the  brown  ore  does  not  extend  many  yards 
in  from  "day."  But  at  Kirkleatham  and  Hobb  Hill,  where 
the  cover  has  been  mostly  removed  by  denudation,  the  belt 
of  brown  ore  is  much  wider. 

The  ore  in  places  is  oolitic ;  but  much  of  it  does  not  exhibit 
that  structure,  having  simply  the  appearance  of  a  mud  stone. 

Organic  remains  are  abundant,  being  almost  crowded  in 
places.  According  to  Tate  and  Blake,1  ninety-five  different 
species  have  been  met  with.  The  following  is  a  list  of  the 
more  common  forms  : — 

A.  spinatus. 
Belemnites  breviformis. 

„  paxillosus. 

Pitonillus  turbinatus. 
Crytema  consobrina. 
Ostrea  submargaritacea. 
Pholadomya  ambigua. 
Astarte  striato-sulcata. 
Waldheimia  resupinata. 
Terebratula  punctata. 
Pecten  aequivalvis. 

„      lunularis. 
Monotis  cygnipes. 
Macrodon  liasinus. 
Gresslya  intermedia. 

1  Yorkshire  Lias. 
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Pleuromya  rostrata. 
Arcomya  arcacea. 
Rhynchonella  capitulata. 

tetrahedra. 

lineata. 


it 


As  in  the  Frodingham  deposit,  the  shells  generally  retain 
their  original  limy  nature,  but  in  some  of  them  carbonate  of 
iron  has  taken  the  place  of  the  lime.  This  fact  was  first 
pointed  out  by  Sorby *  thirty  years  ago. 

The  specific  gravity  of  the  blue-grey  mudstone-like  ore  is 
about  28,  and  of  the  greenish-grey  oolitic  ore  3.  The  former 
absorbs  water  to  the  extent  of  about  10  per  cent,  of  its  volume, 
and  the  latter  in  some  cases  to  as  much  as  26  per  cent. 

Except  at  the  outcrop,  the  ore  is  a  carbonate  with  a  small 
admixture  of  magnetic  oxide.  Its  quality  in  different  parts  of 
the  bed  at  Eston  is  shown  by  the  analyses  on  next  page. 

The  seam  is  not  only  thickest  here — at  Eston — but  it  seems 
also  to  be  richest  in  iron.  The  composition  of  the  different 
workable  parts  of  the  bed  at  the  old  Hutton  Mines  is  given 
in  the  following  analyses,  which  do  not  vary  greatly  from  those 
of  corresponding  parts  of  the  seam  at,  for  example,  Slapewath 
and  Lofthouse : — 
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23 '47 

489 

At  Grosmont,  parts  A  and  B  of  the  main  seam,  as  developed 
at  Eston  and  Hutton,  are  unworkable,  but  C,  known  at  Gros- 

1  Proceedings  of  the  Geological  and  Polytechnical  Society,  West  Riding, 
Yorkshire,  1856-7. 
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mont  as  the  Pecten  seam,  is  worked,  its  composition,  and 
that  of  the  Avicula  seam  below  it,  being  as  follows  :—• 


Protoxide  of  iron 

i,         n  manganese . 
Alumina     

1  ■lUlv  ■  ••  •«• 

Magnesia  .., 
Carbonic  acid 
Phosphoric  acid    ... 

Water        

Ignited  insoluble  residue 

Total 

Metallic  iron        


i 


Silica 


Pecten  seam. 

Avicula  seam. 

34*98 

33*^7 

*4o         •  •  • 

•50 

3'20 

3*92 

11*96 

11*90 

451 

452 

29*20 

28-00 

130 

•48 

330 

3*5 

10*04' 

13-22 ' 

9897 

9936 

27*21 

25-80 

8*00-      ... 

9-42 1 

The  Avicula  seam,  as  shown  in  the  section  already  given, 
is  about  30  feet  below  the  Pecten  seam. 

The  preceding  analyses  are  of  air-dried  samples,  and  there- 
fore give  the  moisture  less,  and  the  other  constituents  more, 
than  if  they  had  come  direct  from  the  bed. 

The  average  metallic  yield  of  Cleveland  ore  (main  seam)  is 
about  30  per  cent.,  and  the  proportions  of  its  four  most 
abundant  earthy  constituents,  as  given  by  the  average  of 
18  analyses  of  the  ore  as  it  occurs  in  the  bed,  are  as  under : — 

Silica.  Alumina.  Lime.  Magnesia. 

Average         11*42       ...       8*63       ...       5*13      ...      2*99 
Variations       7-17—20-90    3*79— 13'53    3'8o — 7-77     1-12—5-21 

Caythorpe,  Lincolnshire.  This  deposit2  is  by  many 
considered  to  be  on  the  same  geological  horizon  as  the 
Frodingham  ore  •  and  if  the  general  appearance  of  the  bed,  as 
seen  from  a  little  distance,  were  alone  considered,  this  opinion 
would  more  frequently  prevail,  for  the  ore  has  exactly  the  thin- 

1  See  Marley,  Transactions  of  the  North  of  England  Institute  of  Mining 
and  Mechanical  Engineers,  vol.  v. 

*  Said  to  be  in  Lower  Lias  in  Hunt's  "  British  Mining." 
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bedded  flaggy  appearance  of  the  Frodingham  ore,  which  is  alto- 
gether unlike  the  thick-bedded  "  blocky  "  arrangement  of  other 
ironstones  in  the  rock  bed,  as,  for  instance,  those  of  Cleveland, 
Holwell  in  Leicestershire,  or  Fawler  in  Oxfordshire.  But  when 
the  fossil  contents  of  the  bed  at  Caythorpe  are  examined,  all 
doubt  about  its  belonging  to  the  middle  lias  at  once  disappears, 
for  crowds  of  Rhynchonella  tetrahedra  and  Terebratula  punctata 
are  met  with  in  almost  every  part  of  the  bed.  Most  of  the 
former  shells  are  hollow,  and  lined  with  crystals  of  calcite. 

The  bed  has  a  slight  dip  to  the  south-east,  and  crops  out 
along  the  level  ground  lying  to  the  east  of  the  village  of  Cay- 
thorpe. The  working  of  the  ore  is  confined  at  present  entirely 
to  the  outcrop  adjoining  the  Great  Northern  Railway,  where 
the  ore  is  covered  by  sand  (with  small  pebbles),  varying  in 
thickness  from  3  to  7  feet.  The  greatest  thickness  of  ore  yet 
exposed  is  10  feet,  that  is  near  the  railway.  From  there  it 
becomes  gradually  thinner  to  the  village  of  Caythorpe,  where 
it  is  only  about  3  feet  thick.  Working  operations,  therefore, 
stop  some  distance  short  of  Caythorpe. 

The  ore  has  a  prevailing  yellowish  colour,  but  is  traversed  at 
irregular  intervals  by  dark  brown  bands  up  to  \  inch  wide.  This 
latter  part  of  the  ore  is  much  denser  than  the  other,  and  the 
bands  are  in  some  cases  so  disposed  as  to  produce  a  concre- 
tionary appearance.  As  already  mentioned,  the  ore  is  thin 
bedded,  and  in  parts  oblique  lamination  is  very  frequent. 

Speaking  generally,  the  bed  is  harder  and  more  compact 
towards  the  base  than  it  is  in  the  upper  part,  and  it  gets 
gradually  harder  throughout  towards  the  railway,  that  is,  towards 
the  south-east,  as  if  the  Upper  Lias  clay  was  not  far  off. 
Towards  the  "  rise  w  the  bed  contains  a  few  roughly  lenticular 
pieces  of  grey  limy  rock,  which  graduate  into  the  ore.  They 
are  very  full  of  fossil  shells,  and  vary  in  size  from  2  to  10  inches 
in  thickness,  and  from  2  to  4  feet  in  length.  Dipwards  they 
increase  in  size  and  frequency,  but  are  everywhere  most  common 
in  the  lower  part  of  the  ore,  and  give  it  a  very  bedded  appear- 
ance. In  working  on  the  dip  side  of  the  outcrop  the  ore 
frequently  comes  off  in  large  flag-like  flakes,  sometimes  as  much 
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as  4  feet  in  area,  and  perhaps  not  more  than  6  inches  thick  at 
the  thickest  part. 

Besides  the  limy  cores  there  are  also  grey  and  green  cores 
of  earthy  carbonate  of  iron,  similar  to  those  described  in  con- 
nection with  the  Frodingham  and  Cleveland  ores.  These  occur 
mainly  in  the  low  part  of  the  bed,  and  towards  the  dip,  very 
few  being  met  with  in  the  "  rise  "  part  of  the  bed,  where  the 
alteration  has  proceeded  further. 

Below  the  ore  there  are  about  3  feet  of  ferruginous  lime- 
stone, and  under  that  blue  clay. 

The  yellow  part  of  the  ore  is  oolitic  in  places,  and  so  is  the 
included  and  underlying  limestone,  but  the  brown  ore  is  only 
slightly  so. 

The  average  specific  gravity  of  the  brown  ore  is  about  2-5, 
but  it  is  very  porous,  absorbing  water  to  the  extent  of  10  to 
21  per  cent,  of  its  bulk.  Its  average  composition  is  perhaps 
fairly  expressed  by  the  following  analysis  : — 


Water  at  212°  Fahr. 

•  ■  • 

•  •  • 

•  •  ■ 

4330 

„      combined 

•  •• 

•  •  • 

•  •  1 

10*030 

Peroxide  of  iron        

•  ■  • 

•  •  • 

•  •i 

47'430 

Oxides  of  alumina  and  manganese 

•  *  • 

•  •  1 

IO*007 

unic     ...          «•■          . . .          ••■ 

•  •  • 

•  •  • 

m  •  ■ 

784O 

Magnesia         

•  •  • 

•  •  • 

•  •  ■ 

•580 

Phosphoric  acid        

•  •• 

•  •  • 

•  •  1 

•403 

Sulphuric      „           

•  •  • 

•  •  • 

■  •  ■ 

trace 

Carbonic       „ 

•  •• 

•  w 

•  •  * 

6*960 

Insoluble  silicious  matter    ... 

•  •  • 

•  •• 

•  •  • 

•  •  « 

12*260 

Total    ...        ...        ... 

99840 

Metallic  iron 

•  •  • 

•  •  • 

•  • 

33#2o 

The  lime  which  occurs  in  the  ore  is  probably  as  a  carbonate, 
and  in  a  mechanical  condition,  as  the  ore  effervesces  when 
wetted  with  acid ;  in  some  places  only  slightly,  but  in  others 
briskly.  The  quantity  of  water  lost  at  2120  Fahr.  in  the  pre- 
ceding analysis  is  probably  8  or  10  per  cent,  less  than  the  ore 
contains  in  situ,  and  as  it  is  sent  to  the  market,  as  the  specimen 
from  which  the  analysis  was  made  had  been  in  the  writer's 


Ft. 

in. 

12 

6 

20 

O 
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possession  at  least  twelve  months  before  being  analysed.  The 
metallic  yield  of  the  ore  as  raised  will  therefore  be  about  30  or 
31  per  cent. 

Holwell,  etc.,  Leicestershire.  At  Holwell,  about  three 
miles  north  of  Melton  Mowbray,  and  at  Eastwell,  about  three 
miles  north-east  of  Holwell,  as  well  as  at  Waltham  and  Wart- 
naby,  the  Marlstone  rock-bed  has  recently  been  largely  worked 
for  iron  ore. 

The  Holwell  workings,  which  may  be  taken  as  typical  of 

all  in  the  neighbourhood,  are  close  to  the  village  of  Holwell, 

but  on  the  opposite  side  of  the  small  valley,  which  lies  on  the 

east  of  the  village.    A  section  of  the  beds  seen  there  is  as 

below : — 

Blue  clay  (Upper  Lias). 
Ironitono        ...       ...        ... 

Ferruginous  limestone  locally  called  "  Sandrock ' 
Grey  shaly  clay. 

The  rocks  have  a  gentle  inclination  to  the  south-east 
The  working  of  the  ore  is  confined  mainly  to  its  outcrop 
where  the  Upper  Lias  is  off,  although  at  one  point  it  has  been 
worked  where  overlain  by  about  6  feet  of  clay  belonging  to 
that  formation.  The  ore,  however,  became  very  hard  as  the 
thickness  of  the  cover  increased.  This,  combined  with  the 
extra  cost  of  "  baring,"  put  a  stop  to  further  operations  in  that 
direction. 

The  outward  appearance  of  the  ore  bed  is  very  much  like 
that  of  Cleveland  at  the  outcrop.  It  is  thick  bedded,  and 
intersected  by  two  sets  of  vertical  joints.  Many  of  these  are 
several  inches  wide,  and  filled  with  a  yellowish-grey  clay,  which 
has  evidently  been  washed  down  from  the  overlying  drift. 
There  are  also  a  number  of  less  persistent  joints  of  a  lenticular 
form,  some  of  which  are  as  much  as  three  inches  wide,  but 
they  seldom  exceed  a  foot  or  two  in  length.  They  occur  both 
vertically  and  along  the  bed  planes.  Cases  of  false  bedding 
are  not  infrequent,  and  in  some  places  the  ore  is  quite  soft  and 
sandy,  so  that  it  may  be  easily  crumbled  between  the  fingers. 
These  sandy  places  occur  along  the  bed  planes,  and  have  a 
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roughly  lenticular  form.  They  are  somewhat  numerous,  and 
very  irregular  in  their  disposition  in  the  bed.  The  ore,  where 
worked — that  is,  at  the  outcrop — is  a  hydrated  peroxide,  and  has 
a  prevailing  yellow  or  yellowish-brown  colour ;  but  it  contains 
a  few  kernels  of  green  carbonate  and  some  pieces  of  greyish  or 
greenish-grey  ferruginous  limestone,  which  increase  in  size  and 
number  towards  the  dip.  The  yellowish-brown  ore  adjacent 
to  the  green  kernels  is  invariably  concretionary,  lighter  and 
darker-coloured  bands  alternating.  This  structure  is  also  seen 
in  other  parts  of  the  bed  where  the  cores  are  yellow.  These 
-are,  however,  not  abundant. 

Adjacent  to  joints,  whether  vertical  or  horizontal,  the  ore  is 
almost  always  darker  and  more  compact  than  it  is  where  joints 
are  absent,  and  is  of  the  same  character  as  the  darker  bands 
of  the  concretions.  As  a  rule,  the  yellow  ore  is  oolitic,  but  in 
places  it  has  the  character  of  a  mudstone.  The  dark  brown 
ore  is  but  slightly  oolitic. 

Organic  remains  are  abundant,  both  in  the  ore  and  in  the 
pieces  of  enclosed  limestone,  or  sand-rock,  as  it  is  locally  called, 
and  many  of  them  are  in  a  fragmentary  condition.  The 
common  species  are  of  Belcmnites^  Tercbratufa,  and  Rhyn- 
chonellce. 

The  average  specific  gravity  of  the  ore  is  about  2*5,  and  it 
is  very  porous,  absorbing  water  in  quantities  varying  from  about 
1 2  to  2  7  per  cent  of  its  bulk.  The  composition  of  the  yellowish- 
brown  ore  is  shown  by  the  following  analysis  of  a  specimen 
which  had  been  in  the  writer's  possession  about  twelve  months 
before  being  analysed,  and  therefore,  like  the  sample  from 
Caythorpe,  gives  less  hygroscopic  water,  and  consequently  a 
higher  metallic  yield  than  the  ore  will  contain  in  the  bed. 


Water  at  212°  Fahr. 
,,     combined 

Peroxide  of  iron       

Protoxide  „     „  

Oxides  of  alumina  and  manganese 
jL»imc     •  • .  )..  •••  » •  • 

Magnesia        ...        ...        ..» 


5360 
11*240 
50570 

•570 

9935 
3-960 
1-171 

*5 
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Phosphoric  acid        I"925 

Sulphuric       „          ...         ...         ......         ...  trace 

Carbonic        ,,           ...         ...         i860 

Insoluble  silicious  matter 12*540 


Total ...        99'131 


Metallic  iron 35  80 

Much  of  the  ore  is  not  so  rich  as  this.  The  poorer  quali- 
ties effervesce  when  wetted  with  acid,  the  better  ore  does  not, 
except  where  fossil  shells  are  present. 

Adderbury  and  Pawler,  Oxfordshire.  On  the  north- 
east border  of  Oxfordshire  a  considerable  quantity  of  ore  has 
been  obtained  from  the  "  rock-bed  "  at  Adderbury,  and  some 
from  King's  Sutton  in  the  adjoining  county  of  Northampton- 
shire, but  operations,  are  suspended  at  both  places  for  the 
present.  At  Fawler,  in  Mid-Oxfordshire,  ore  is  still  being 
obtained  from  this  horizon.  When  first  worked  it  was  got  by 
open  working ;  but  since  the  recommencement  of  operations, 
a  few  years  ago,  it  has  been  mined.  The  rocks  associated  with 
the  ironstone  are  shown  in  the  following  section  : — 

Ft  in. 

Rubbly  limestone  (inferior  oolite) 12  o 

Blue  clay         \  Upper  /  7  o 

Yellowish-grey  clay /     Lias     \  2  o 

Ironstone         ...        ...        ...        ...        ...        ...  8  o 

,,         brown,  concretionary  with  green  cores  5  o 
Sand. 

*  

The  ore  crops  out  in  the  side  of  the  valley  of  the  Evenlode. 
It  is  thick  bedded,  and  intersected  by  two  sets  of  vertical 
joints  like  that  at  Holwell.  Some  of  the  vertical  joints  are 
very  wide,  and  are  filled  with  yellowish  clay  from  the  overlying 
bed  of  that  material. 

The  ore  is  mainly  a  hydrated  peroxide  or  limonite,  and  its 
colour  is  partly  yellow  and  partly  brown,  not  only  at  the  out- 
crop, but  also  below  the  upper  lias  as  far  as  they  have  yet 
worked.  From  the  nearer  outcrop  (the  north-east)  the  faces 
are    probably    not  more  than   70    yards,   though    they    are 
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much  farther  from  the  south-west  outcrop.  The  brown  ore  is 
much  denser  than  the  yellow,  but  it  only  occurs  in  thin  bands 
or  "  shells,"  as  at  Caythorpe  and  Holwell.  The  yellow  ore  is 
oolitic,  the  brown  is  not.  There  is  almost  a  complete  absence 
of  grey  or  greenish  cores  in  the  upper  8  feet  of  the  bed,  but 
they  are  abundant  in  the  lower  part,  and  some  of  them  are 
very  large,  for  which  reason  this  part  of  the  bed  is  not  worked. 
The  average  specific  gravity  of  the  ore  is  about  2*5.  Like 
other  ores  from  the  same  geological  horizon  it  is  very  porous, 
absorbing  water  to  the  extent  of  18  to  27  per  cent,  of  its 
bulk.  Its  composition  may  be  gathered  from  the  following 
analyses : — 

Protoxide  of  iron 

Peroxide    „    „ 

Manganese  oxide 

Alumina 

uIHLa  •••  •  •  •  •  •  •  •• 

*w  J  Ul  (*■•■  •••  ■••  ■  «  •  •  • 

Magnesia      ...  ... 

Phosphoric  acid  

Sulphuric       „  

Carbonic        „ 

W  iliCl  •••  •  •  •  •  •  •  •  ■ 

Total 
Metallic  iron  33'66        ...        31*94 

No.  i  gives  the  result  of  a  sample  dried  at  2 1 20  Fahr. ;  No.  2 
of  the  ore  partly  air-dried. 

The  ore  effervesces  in  places  when  wetted  with  acid;  in 
other  parts  it  does  not. 

Deposits  in  the  Lower  Oolite. 

The  next  ferruginous  zone  of  importance  is  at  the  base  of 
the  inferior  oolite,  immediately  succeeding  the  upper  lias, 
as  shown  in  Plate  II.  It  exists  over  a  very  large  area,  and  has 
been  extensively  wrought  in  Yorkshire,  Lincolnshire,  Rutland- 
shire, and  Northamptonshire,  though  with  very  different  results, 
as  will  appear  from  the  detailed  descriptions  following. 


No.  1. 

No.  a. 

I-04 

•  •  • 

•86 

4693 

•  •  • 

44-67 

•51 

•  •  • 

•44 

7-86 

•  •  • 

9*  10 

10*55 

•  •  • 

12*34 

11 79 

•  •  • 

929 

112 

■  •  • 

•66 

•66 

a  ■  • 

•55 

trace 

•  ■  a 

trace 

8-55 

a  •• 

6*1 1 

10*15 

•  a  a 
at  m 

16-31 

99/16 

10033 
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North  Yorkshire.  In  the  greater  part  of  this  district 
the  ore  which  occurs  in  the  horizon  now  reached  is  not  of 
much  value  commercially.  It  is  known  in  Cleveland  as  the 
"  top  seam,"  and  to  outsiders  mainly  as  the  "  dogger  series." 
Since  the  discovery  of  the  main  seam  (in  the  middle  lias)  in 
Cleveland,  the  "top  seam"  has  in  that  district  been  almost 
entirely  neglected,  owing  to  its  great  inferiority ;  in  fact,  over  a 
considerable  part  of  Cleveland  it  is  unworkable  profitably 
under  almost  any  circumstances.  Generally,  it  may  be  said  to 
increase  in  thickness  towards  the  south-east,  at  least  for  a  con- 
siderable distance,  which  is  the  reverse  of  the  main  seam ; 
then  it  decreases  in  that  direction.  Along  the  Eston  and 
Upleatham  range  it  is  practically  non-existent. 

In  some  of  the  sinkings  that  have  been  made  to  the  south- 
east of  Guisborough,  through  the  lower  oolitic  rocks  to  the 
main  seam,  it  is  only  a  few  inches  thick.  At  Rosedale,  on  the 
coast  between  Straiths  and  Runswick  Bay,  it  presents  the 
following  section : — 

Ft.     in.       Ft     in. 
Blue  shale  (roof). 

.   Ironstone  nodules o  3 

Blue  shale      ...  ...        ...         ...         ...  2  2 

Ironitono      ...  ...        ...        ...        ...  4  4  —  6     9 

Shale  (sole). 

A  few  miles  further  south,  at  Goathland,  the  seam  is  larger 
still,  as  shown  by  the  section  below  : — 

Ft.     in.       Ft.      in. 
Sandstone  (roof). 

Ironftone,  silicious 10      6 

Sandstone,  ferruginous     1      2  —  II      8 

Shale  (sole). 

On  the  opposite  side  of  the  district,  at  Feliskirk,  three  miles 
north-east  of  Thirsk,  the  seam  is  about  7  feet  thick.  From 
Goathland  to  Feliskirk,  as  pointed  out  by  Professor  Phillips 
thirty-nine  years  ago,  is  the  line  along  which  the  dogger  series 
"receives  its  maximum  dose  of  iron,"  and  from  this  line  it 
grows  gradually  poorer,  both  towards  the  north-west  and  south- 
east.    It  will  be  noticed  that  it  is  thinner  on  the  west  than  on 
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the  east ;  but,  as  mentioned  by  the  authority  just  named,  there 
appears  to  be  a  general  thinning  of  the  lower  oolitic  rocks  in 
that  direction. 

The  seam  has  often  been  tried  at  Grosmont  and  elsewhere 
in  the  same  neighbourhood,  but  it  has  always  been  found  to 
contain  too  much  silica  for  metallurgical  purposes.  The  only 
locality  where  it  has  been  worked  at  all  extensively  in  the 
area  now  under  consideration  is  in  the  valley  of  Rosedale. 
The  dogger  series  there  comes  to  the  surface,  in  a  narrow  strip 
along  the  steep  sides  of  the  valley.  Except  at  the  outcrop  it  is 
overlain  by  a  variable  thickness  of  shales  and  sandstones 
belonging  to  the  lower  estuarine  series. 

The  seam  is  known  in  Rosedale  as  "the  seam  of  the 
district."  It  dips  to  the  south  at  about  i  in  22.  As  already 
mentioned,  the  outcrop  is  narrow,  so  that  comparatively  little 
ore  has  been  worked  by  opencast,  although  in  1873  and  1874 
a  quantity  of  ore  was  worked  in  this  way ;  the  quality,  however, 
was  very  poor.  The  same  class  of  ore  is  now  used  on  a  small 
scale  for  road  metalling.  At  the  present  time  operations  are 
confined  to  the  eastern  side  of  the  valley,  at  what  is  known  as 
Rosedale  East  mines.  The  seam  has  also  been  worked  at 
Sheriff  pit,  and  in  the  neighbourhood  of  the  magnetic  quarry. 
These  latter  mines  are  called  Rosedale  West  mines.  A  few 
years  ago  some  ore  occupying  the  same  horizon  was  also 
worked  in  the  adjoining  valley  of  Farndale. 

On  the  west  side  of  the  valley,  just  opposite  the  village  of 
Rosedale,  the  section  of  the  seam  is  as  follows : — 

Ft.    in. 
Yellow  shale  (roof). 

A.  Ferruginous  sandstone 1     11 

Dark  sulphury  shale 


Greenish  sandy    „ 
Dark  shale 

B.  Ironstone 

Shale  (sole). 


1       3 
6 

6 

8      o 


Near  Sheriff  pit  it  is,  according  to    Marley,   as  shown 
on  next  page. 
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Freestone  (roof). 
A.   Bandy  ironstone 

ollCLie  •••  . « .  •••  .  • .  •  •  • 

!  Soft  brown  ironstone  

strong  iy  tf  ...        .••        ■•• 

Blue-grey  ,y  ...        ...        ••• 

Brown  and  blue  stone 


Ft. 

in. 

•  •  • 

IO 

O 

•  •• 

8 

O 

•  •  • 

6 

•  •  • 

3 

3 

•  •  • 

4 

0 

•  ft* 

5 

3 

On  the  opposite  side  of  the  valley,  at  Bell  End,  the  seam  is 
developed  thus : — 

Ft.    in. 
Shale  (roof). 

A.   Ironstone  ...        ...        ...  ...  3     ° 

Grey  shale  ... 

Ironstone...        ...        ...  ...  •>• 

„         concretionary  

ii          compact         ...  ...  ... 

M          inferior           ...  ...  ... 

Sandstone  shaly  (sole). 


B.- 


2  o 

4  3 

1  6 

2  o 
4  o 


Both  A.  and  B.  have  been  worked  at  the  outcrop,  but  B. 
only  has  been  "  mined  "  on  account  of  its  superior  quality.  At 
Rosedale  East  mines  the  workable  height  of  the  seam  varies 
from  5  feet  to  9  feet  6  inches,  the  average  probably  being 
about  6  feet  6  inches.  At  Sheriff  pit  the  average,  according 
to  Mr.  Charles  Parkin,  is  about  5  feet  10  inches. 

The  ore  is  thick  bedded,  and  at  the  outcrop  is  a  hydrated 
peroxide  of  a  yellowish-brown  colour ;  but  as  the  thickness  of 
the  cover  increases  rapidly,  the  oxide  soon  gives  way  to  a 
carbonate,  and  the  brownish  colour  changes  to  a  greeny-grey. 

The  ore  is  very  oolitic  both  in  the  weathered  and  un- 
weathered  parts  of  the  bed.  Its  chemical  qualities  are  indicated 
by  the  following  analyses : — 


Sheriff's  Pit 

1 

Etosedale  Eae 

(Greeny-grey  ore). 

(Greeny-gre; 

Peroxide  of  iron 

•  •  • 

•  •• 

17*92 

•  •  • 

26*57 

Protoxide  of  iron 

•  •  • 

•  •  • 

2867 

•  ■  • 

18-19 

Silica 

•  •  • 

•  ■  • 

to'80 

•  •  • 

1855 

Alumina 

•  •  • 

•  •  ■ 

8-52 

•  •  • 

984 

Lime   ...         ... 

•  •• 

•  •  * 

497 

•  •  • 

6*24 

Magnesia 

•  •• 

•  •• 

316 

•  •  • 

2'91 

Phosphoric  acid 

■  ■  ■ 

•  •  • 

2'00 

•  •  • 

1*43 

Sulphuric      „ 

•  •  • 

•  •  • 

•10 

•  •  • 

•03 
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Sheriff's  Pit  Rosedale  East  Mine 

(Greeny-grey  ore).         (Greeny-gTey  ore). 

Carbonic        „  19*00  ...  11*30 

Water  4*50  ...  4*8o 


Total 99'^4  ...  9986 

Metallic  iron 3474  •••  32*64 


The  metallic  yield  of  the  ore,  as  it  occurs  in  the  bed,  is 
probably  2  or  3  per  cent,  less  than  in  these  analyses.  It 
will  be  noticed  that  there  is  a  considerable  proportion  of  per- 
oxide along  with  the  protoxide  of  iron,  which  is  suggestive  of 
the  ore  being  magnetic.  It  is  found,  however,  that  even  in 
large  masses  it  does  not  generally  affect  the  magnetic  needle, 
nor  is  it  attracted  by  the  horse-shoe  magnet.  But  if  a  number 
of  oolitic  grains  be  extracted  from  the  matrix  and  placed  within 
the  influence  of  a  magnet  they  are  at  once  attracted  by  it. 
If,  further,  a  thin  slice  of  stone  be  placed  under  the  microscope, 
it  is  at  once  seen  that  the  oolitic  grains  consist  partially  of 
magnetite  arranged  generally  in  irregular  concentric  rings. 

,  The  average  specific  gravity  of  the  greeny-grey  ore  is  about 
2*9,  and  of  the  brown  ore  from  the  outcrop  2*7.  Their  re- 
spective porosities  are  about  16  and  27  per  cent,  of  their  bulk. 
The  following  list  of  fossils  from  the  "  dogger  "  is  given 
by  Mr.  W.  H.  Hudleston,1  many  of  which  he  found  had  been 
converted  into  carbonate  of  iron  : — 

Natica  adducta,  Phill. 
Chemnitzia  lineata,  Sow. 

„  sp. 

Nerinsea  cingenda,  Phill. 
Certhium  (two  specimens). 
Alaria  Phillipsii. 

„      sp. 
Littorina  punctura,  Bean. 
Trochus  pyramidatus,  Phill. 
Nerita  laevigata,  Phill. 
Trochotoma  sp.  n.  4 

1  Proceedings  of  the  Geological  Association,  1876. 
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Acteonina. 

Rhynchonella  obsoleta,  Sow. 
Terebratula  perovalis  (?),  Sow. 
Hinnites  vellatus  (?),  Gold. 
Gervillia  tortuosa,  Phill. 

„       lata,  Phill. 
Pteroperna  striata,  Bean  M.S. 
Modiola  cuneata,  Sow. 
Cucullaea  cancellata,  Phill. 
Microdon  Hirsonensis,  d'Arch. 
Trigonia  denticulata,  Ag. 

„       V.  costata,  Lye. 

„        spinulosa,  Y.  and  B. 

„        sp. 
Cardium  acutangulum,  Phill. 

„        striatulum,  Phill. 
Tancredia  axiniformis,  Phill. 
Astarte  elegans,  Sow. 
Opis  Phillipsii,  Mor. 

Ceromya  Bajociana,  Sow.,  vel  concentrica,  Sow. 
Gresslya  adducta,  Phill. 

Rosedale  magnetic  ore.  Besides  the  bed  just  described, 
there  is,  in  Rosedale,  a  most  remarkable  deposit  of  magnetic 
iron  ore,  which  has  given  rise  to  several  papers  and  discussions,1 
in  which  were  developed  great  differences  of  opinion  among 
the  various  persons  engaged  therein.  The  deposit,  or  deposits 
— for  there  are  really  two-*occur  just  under  the  seam,  known 
as  "the  seam  of  the  district,"  in  two  approximately  parallel 
troughs,  between  five  and  six  acres  in  extent,  in  the  upper  lias 
shale,  as  shown  in  Fig.  22  ;  the  plan  represents  them  as  they 
would  appear  if  the  sandstones  and  shales  of  the  lower  estuarine 
series  were  removed. 

At  first  the  deposits  were  quarried ;  but  as  the  "  overburden  " 
increased,  mining  was  resorted  to,  and  the  deposits  have  now 
been  almost  exhausted  in  this  way. 

1  Transactions  North  of  England  Institute  of  Mining  and  Mechanical 
Engineers,  vols,  vi.,  viL,  and  xix. 
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Fig.  22. — Plan  and  Sections  of  Rosedale  Magnetic  Ore  Deposit 

(Scale  660  feet  to  an  inch). 

Rgftrtncts—A  Shales  and  Sandstones  (Lower  Estuarine  Series).    B  Iron  Ore 
11  the  Seam  of  the  District "  (Dogger  Series),    a  Magnetic  Ore.    b  Blue  Clay 
(Upper  Lias). 
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Neither  Garbutt's  nor  Kitchen's  deposit  has  been  known 
to  yield  any  organic  remains,  so  that  there  is  a  difficulty  in 
fixing  their  age ;  but  they  seem,  on  stratigraphical  considerations, 
to  be  the  equivalent  of  the  Blae  Wyke  sands,  and  to  have 
been  formed  on  an  eroded  surface  of  the  upper  lias.  Small 
denuded  areas  of  this  character  are  not  uncommon  in  the 
upper  lias  of  Yorkshire,  as  well  as  of  other  districts.  In 
Yorkshire  they  are  frequently  occupied  by  silicious  limestone 
belonging  to  the  dogger  series ;  especially  is  this  so  at  Bilsdale. 

At  the  outcrop  the  ore  was  very  much  broken  up  by 
weathering,  and  much  of  it  had  a  concretionary  form.  The 
kernels,  which  in  some  cases  were  as  much  as  four  feet  in 
diameter,  were  of  a  bluish-black  in  the  centre,  but  became 
paler  towards  the  outside,  and  the  surrounding  rings  were  brown. 
As  the  cover  increased,  the  results  of  weathering  mostly 
disappeared,  and  the  ore  became  much  more  compact,  and  had 
everywhere  the  blue-black  colour  of  the  interior  of  the  kernels 
found  at  the  outcrop,  except  along  the  sides  of  the  stronger 
joints,  where  a  brown  band  an  inch  or  so  wide  might  exist. 

The  ore  is  very  oolitic,  and  where  unweathered  is  strongly 
magnetic.  Its  chemical  composition  is  shown  by  the  following 
analyses.  No.  i  is  of  blue-black  ore,  and  No.  2  of  the 
brown  altered  ore  found  along  strong  joints  or  on  the  outside 
of  the  kernels. 


No.  1. 

No.  a. 

Water  at  2 1 2°  Fahr. 
„      combined 

■  *  • 

m  •  a 

"33  \ 
339/ 

•  •  • 

I44O 

Peroxide  of  iron 

•  •  • 

2771 

•  •  • 

64-05 

Protoxide      „         

«•• 

3677 

•  a  • 

— 

Oxides  of  alumina  and  manganese 

97* 

a  a  • 

11*45 

l**llXlC                      ■••              •••              ••• 

•  •  • 

•96 

•  a  a 

115 

Magnesia      

a  a  a 

113 

•  •  • 

72 

Phosphoric  acid      

•  •  • 

•89 

•      • 

— 

Sulphuric       „         

■  •  • 

trace 

•  •  • 

— 

Carbonic        „ 

•  «  • 

9- 12 

•  •  • 

trace 

Insoluble  silicious  matter  ... 

•  •  a 

•  mm 

952 
99*54 

•  •  • 

•  •  a 

9*20 

Total             

10097 

Metallic  iron           

«  •  • 

48-00 

•  a  a 

4483 
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The  specimens  analysed  were  air-dried,  so  that  the  water 
should  be  increased  in  No.  1  about  10  per  cent.,  and  the 
metallic  iron  should  be  reduced  4!  per  cent,  probably,  to 
arrive  at  the  composition  of  the  ore  in  its  natural  condition. 
With  these  alterations  No.  1  may  be  fairly  taken  as  an  average. 

It  appears  from  analysis  No.  1  that  the  ore  is  not  a  true 
magnetite,  but  a  compound  of  magnetite  and  clay  ironstone, 
the  proportions  of  the  different  compounds  of  iron  being  in 
all  probability  as  below : — 

FcO.  No.  z. 

12-45  +  Fe,Oa  2771  =  40-16  Magnetite. 
14-92  +    CO,     9*12  =  24-04  Carbonate  of  iron. 
9*40  existing  probably  in  other  combinations. 

3677 

A  physical  analysis  confirms  these  results.  If  the  ore  be 
examined  in  a  thin  slice  under  the  microscope,  it  is  seen  that 
the  magnetite  resides  entirely  in  the  oolitic  grains,  and  mainly 
in  the  interior  of  them  in  a  concretionary  form,  the  quantity 
in  the  different  grains  being  very  variable. 

The  specific  gravity  of  the  blue-black  ore,  of  which  analysis 
No.  1  shows  the  composition,  is  3 '8,  and  its  absorptive  capacity, 
in  an  air-dried  condition,  is  15  per  cent,  of  its  bulk. 

Mid-Lincolnshire.  Just  east  of  the  city  of  Lincoln,  and 
on  the  north  side  of  the  valley  of  the  Witham,  at  Greetwell 
and  Monk's  Abbey,  a  bed  of  ore,  at  the  base  of  the  inferior 
oolite,  has  been  worked  somewhat  extensively.  It  has  also 
been  worked  on  the  opposite  side  of  the  Witham,  east  of 
Canwick,  as  well  as  at  Waddington  and  Coleby,  a  few  miles 
further  south  along  the  cliff.  In  Hunt's  "  British  Mining  "  this 
deposit  is  wrongly  stated  to  be  on  the  lower  lias. 

The  ore  crops  out  on  both  sides  of  the  valley  of  the 
Witham,  and  as  the  inclination  of  much  of  the  ground  at  the 
outcrop  is  very  gentle,  a  considerable  quantity  of  ore  has  been 
got  by  open  working.  Where  the  cover  was  too  thick  for  this 
to  be  done  profitably,  mining  has  been  'resorted  to. 

The  general  dip  of  the  ore  bed  (and  its  accompanying 
rocks)  is  to  the  east,  at. about  1  in  60.      Its  greatest  known 
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thickness  is  nf  feet,  and  the  least,  where  worked,  5  feet, 
although  it  has  been  proved  by  boring  to  be  only  3  feet  thick 
in  places.  The  average  thickness  is  probably  about  9  feet 
A  section  of  the  "  face  "  of  part  of  one  of  the  open-cuts  on  the 
north  side  of  the  Witham  is  given  below  : — 

Ft    in. 
Lincolnshire   limestone,   very  much   broken   and 

O 15 w U i  IjCU  •  ■  •  ■  •  •  •  •  •  •  •  •  •  •  ■  •  •  • 

Lincolnshire  limestone,  compact      

vjrcy  suaie        «••          •«.          ...  ...          ...          ... 

xron  uro            ••«         ...         .  • .  ...         ...         ... 

Blue  clay  (upper  lias). 

The  ore  at  the  outcrop  generally  is  a  brown  and  yellow 
hydrated  peroxide,  very  concretionary,  and  in  places  very 
cellular.  The  concretions  generally  have  kernels  of  soft,  yellow 
ore,  but  near  the  base  of  the  bed  there  are  a  few  greenish  and 
greyish  kernels.  These  consist  of  carbonate  of  iron.  The  ore 
surrounding  the  kernels  is  alternately  dark  brown  and  yellow, 
the  dark  brown  layers  being  much  harder  and  denser  than 
those  that  are  yellow,  and  as  a  rule  are  much  thinner,  seldom 
exceeding  |  in.  or  g  in.  in  thickness.  The  yellow,  green,  and 
grey  ores  are  very  oolitic,  but  the  brown  ore  is  only  partially  so. 
The  proportions  of  the  two  classes  of  ore  are  very  .variable ;  but 
the  largest  quantity  of  the  brown  kind  occurs  where  the  bed 
has  been  most  weathered — that  is,  where  the  cover  is  least. 
Thence  it  becomes  less  and  less  in  proportion  to  the  yellow 
ore  as  the  thickness  of  the  overlying  rocks  increases.  It  is 
probably  very  near  the  mark  to  say  that  on  the  average  there 
is,  by  weight,  20  per  cent,  of  brown  ore,  and  80  per  cent,  of 
yellow  ore,  or  by  volume  14  per  cent,  of  brown,  and  86 
per  cent,  of  yellow.  The  form  of  the  concretions  is  very 
variable,  sometimes  approaching  an  irregular  spheroid,  in 
other  cases  to  a  parallelopipedon.  They  also  vary  greatly  in 
size,  being  least  at  the  extreme  outcrop  (where  they  are  mostly 
under  4  or  5  inches  across) ;  but  they  increase  in  size  as  the 
cover  becomes  thicker.  Many  of  the  concretions  are  hollow, 
others  are  not  more  than  half  filled  by  their  cores,  and  there 
are  numerous  other  cavities  in  the  ore  which  give  it  quite  a 
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rubbly  and  cellular  appearance  at  the  outcrop ;  but  as  the  cover 
increases  in  thickness  the  bed  becomes  more  and  more  com- 
pact, and  contains  a  larger  proportion  of  the  green  and  grey 
carbonate.  It  also  becomes  more  distinctly  bedded  and  jointed, 
so  that  in  the  mine,  at  200  yards  from  "day,"  the  central 
part  of  the  bed  is,  in  places,  almost  entirely  green  carbonate, 
whilst  in  the  upper  and  lower  parts  there  are  numerous  green 
cores.  The  thickness  of  the  limestone  and  superficial  beds 
over  the  point  just  mentioned  is  about  21  feet.  At  420  yards 
further  in  from  "  day,"  that  is,  620  yards  in  all,  the  bed  shows 
a  still  larger  proportion  of  the  green  and  grey  carbonate,  and 
a  further  consolidation  of  the*  bed.  The  thickness  of  the 
overlying  limestone  and  drift,  there,  is  34  feet. 

The  underground  operations  have  not  been  prosecuted 
beyond  this  point,  so  that  it  is  impossible  to  say  where  the 
hydrated  oxide  disappears  entirely;  but  it  cannot  be  much 
beyond  the  present  faces,  for  not  far  in  front  of  them  a  well 
was  sunk  through  the  bed,  and  there  the  ore  was  entirely  blue. 
Where  the  thickness  of  the  cover  increases  more  rapidly  than 
in  the  case  mentioned  above,  the  change  from  the  oxide  to  the 
carbonate,  with  its  accompanying  increase  of  hardness,  is 
effected  in  a  proportionately  shorter  distance. 

The  composition  of  the  different  parts  of  the  bed  at  the 
outcrop,  and  within  the  mine,  is  as  under : — 


i 

a 

M 
V 

|2 

• 

1 

0 
« 

« 

** 
Of 

i. 

• 

a 
0 

8 

u 

■ 

a 

2 

O 

V 

•0 
2 

0. 

Oxides  of  alumina 
and  manganese. 

• 

S 

a 

• 
CI 

■•■« 

« 

& 

33 

• 

•0 
3 

■c 

£ 

a 

M 

0 

J2 

Oh 

• 

•0 

•  mm 

0 

hi 

% 

"3 

C/2 

•0 
St 

'5 

i 

Insoluble  sUicious 
Matter. 

■ 

c 

0 

I 

Ft.  in. 

1 

v  a. 

■S8 
-2 

4  IO 

1588 

9-91 

51*85  4*91 

114 

0-28 

I-4I 

0*04 

0*91 ,13*67 

36*30 

2    O  20*89 

9'95 

45*33  4*64    2*19 

0*49 

I'64 

0*05 

o-95  i3'87'3i*73 

<§  4   2 

14-52 

8*20 133-47  456  11-14 

o*45 

1*13 

0-04 

8-24 

18*2523-43 

1 

ju!5  2 

14-91 

io-53 

54*303*08 

i'39 

0*29 

1-19 

0*04 

1*22 

13-0538*01 

5§|2   3  20-94 

10*65 

47 '97  4-65    i'5» 

o\35 

1-09 

0*05 

C23 

12-49 

33'5* 

-5Bj3  11 

1 

1899 

10-90 

42*50,  372 ,3-35 

o'35|*'57 

0*05 

1*84 

16*73 

2975 

238 


THE  IRON  ORES  OF  GREAT  BRITAIN. 


The  average  yield  of  metallic  iron  from  the  whole  bed  is 
probably  about  33  or  34  per  cent.  The  chemical  composition 
and  the  specific  gravity  of  the  different  kinds  of  ore  occurring 
in  the  bed  at  the  outcrop  are  set  forth  in  the  following  state- 
ment : — 


1 


Conatituenta. 

Hard 

brown 

ore  of 

"aheila." 

Soft 
yellow 
ore  of 
corea. 

Grey  ore 

of  corea. 

Water  at  2120  Fahr.           

„      combined  and  organic  matter 

Peroxide  of  iron     ...         

Protoxide ,,     ,, 

Oxides  of  alumina  and  manganese 

LtllDC  •••              ...              ...              .  •>              ...              ... 

Magnesia     ...         ...         ...         •••         ... 

Carbonic  acid         ...         ... 

Phosphoric  M           ...         ... 

Sulphuric    ,,           ...         ... 

Bisulphide  of  iron 

In  soluble  silicious  matter             

jl  otai     ...         ...         •  •  •         •••         ••■ 

465 
12*31 
66-66 

407 

•87 

•20 

trace 

i*53 
*°3 

968 

1963 
IO-88 
4276 

677 

102 

•40 

trace 

2-24 

04 

16*26 

536 
2-05     • 

230 

39*24 
5*26 

1*87 

•52 

26-08 

1*52  ; 
•05 

258 
1317 

1 0000 

1 00  00 

IOOOO 

Metallic  iron           

Specific  gravity      

Porosity,  %  of  bulk 

4666 
3*3 

29*93 
2*3 

28 

3333 

2*6 

15 

The  whole  of  the  analyses  relating  to  this  deposit  were 
made  soon  after  the  samples  were  obtained  from  the  mine,  so 
that  they  may  be  looked  upon  as  showing  very  nearly  the 
composition  of  the  ore  in  situ. 

Under  the  microscope  the  hard  brown  ore  is  seen  to  be 
very  compact,  and  in  its  densest  part,  /.*.,  on  the  inside,  as  it 
occurred  in  the  concretions,  it  is  devoid  of  oolitic  structure,  and 
contains  numerous  small  angular  cavities  from  -£$  to  -j^nnr 
of  an  inch  across.  Some  of  these  cavities  are  empty,  others 
are  filled  with  silica.  The  oolitic  grains  in  the  grey,  green, 
and  yellow  cores  vary  from  the  T^  to  the  t%jj  of  an  inch  in 
diameter.  Some  are  solid,  others  hollow,  but  all  have  a  con- 
cretionary structure, 
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Organic  remains  are  very  scarce.  The  writer  has  only  seen 
a  piece  of  wood,  the  tissue  of  which  was  replaced  by  hydrated 
peroxide  of  iron. 

Cottesmore,  Rutlandshire.  The  ore  bed  comes  to  the 
surface,  here,  on  the  western  side  of  the  rising  ground,  which 
extends  in  a  northerly  and  southerly  direction  along  by  Market 
Overton  and  Cottesmore. 

The  general  appearance  of  the  ore  corresponds  very  closely, 
both  in  structure  and  colour,  with  that  occurring  at  the  outcrop 
in  Mid-Lincolnshire,  the  main  difference  being  that  in  some 
parts  it  seems  to  be  more  weathered,  and  to  contain  a  larger 
proportion  of  the  dark  brown  concretionary  rings — in  fact,  at 
and  near  the  outcrop,  it  consists  of  almost  nothing  else  but 
pieces  of  these  rings,  or  "  shells  "  which  are  jumbled  together 
in  a  most  irregular  manner — the  softer  yellow  ore  having  pro- 
bably been  washed  away.  The  quality  of  the  ore  is  thereby 
improved,  but  its  mechanical  condition  is  not  so  suitable  for 
the  furnace.  Generally  the  relative  quantities  of  brown  and 
yellow  ore  are  about  the  same  as  at  Lincoln. 

Where  the  ore  has  undergone  least  change  by  weathering, 
that  is,  where  it  is  thickest,  it  is  seen  to  be  thick-bedded  and  to 
be  divided  by  two  sets  of  vertical  joints.  Some  of  the  joints 
are  filled  with  clay,  which  has  come  down  from  the  over-lying 
drift.  As  a  rule,  these  clay  joints  are  only  an  inch  or  two 
wide,  but  in  some  cases  they  are  as  much  as  12  or  18  inches 
across,  and  have  been  known  to  reach  6  feet.  Where  frequent, 
these  "gulls,"  as  they  are  called  by  the  workmen,  interfere 
greatly  with  the  working  of  the  ore,  and  a  pit  that  was  opened 
out  not  far  from  the  present  one  had  to  be  abandoned  on 
their  account.  The  thickness  of  the  ore  at  its  greatest,  is 
about  9  feet,  and  it  is  overlaid  by  sand  and  clay  belonging  to 
the  drift,  to  a  depth  of  from  3  to  7  feet. 

The  yellow  part  of  the  ore  is  very  oolitic,  some  of  the  cores 
consisting  of  nothing  else  but  loose  oolitic  grains,  which  are 
mostly  hollow,  and  give  the  ore  in  these  parts  a  very  sandy 
appearance.  They,  however,  consist  mainly  of  peroxide  of  iron, 
and  readily  become  magnetic  in  the  blowpipe  flame.     The 
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shells  of  these  hollow  oolitic  concretions  are  about  y^  of  an 
inch  thick.  There  does  not  appear  to  be  any  green  or  grey 
cores  in  the  deposit  where  it  has  yet  been  opened. 

The  quality  of  the  ore  may  be  judged  from  the  following 
analysis,  although,  so  far  as  metallic  yield  is  concerned,  the 
sample  taken  was  better  than  the  average  by  perhaps  3 
per  cent.  Moreover,  it  had  been  in  the  writer's  possession  a 
considerable  time,  so  that  the  metallic  yield  had  in  that  way 
also  probably  been  increased  about  5  per  cent  through  the 
loss  of  hygroscopic  water.  The  average  yield  of  iron,  as  the 
ore  occurs  in  the  bed,  is  about  32  or  33  per  cent. 


Water  at  212°  Fahr 

•  •  • 

•  •  * 

4*8 

„      combined         ...         ...         ... 

•  •  « 

•  •  • 

1 1-06 

Peroxide  of  iron          

•  •  • 

*  •• 

57*43 

Oxides  of  alumina  and  manganese  ... 

•  •• 

•  •• 

8-86 

x#unc       •••          •  •  •          •  •  •           ••■           ••• 

*•  • 

•  •  • 

•56 

Magnesia          ...         ...         ...         ... 

•  •  • 

•  ■  « 

•50 

Phosphoric  acid          

•  •  • 

*  •  * 

2*24 

Sulphuric       |,             ...        ...        ... 

•  ■  • 

•  *  • 

03 

Carbonic        „ 

•  •  • 

•  •  • 

•66 

Insoluble  silicious  matter       

•  •• 

•  •  • 

•  •  « 

•  •  • 

•  •  • 

•  •  • 

13*10 

ji  otai        ...        ...        ••» 

99*12 

Metallic  iron     

40*20 

The  specific  gravity  of  the  piece  above  analysed  was  2*5 
and  its  porosity  29  per  cent. 

Northamptonshire.  The  inferior  oolite  of  this  county 
may  generally  be  divided  into  two  parts,  the  upper  consisting 
of  sands,  sandstones,  and  clays,  with  some  calcareous  beds, 
the  lower,  being  mainly  made  up  either  of  iron  ore  or  ferru- 
ginous sandstone.  The  whole  series  is  known  to  geologists  as 
the  Northampton  sand,  and  near  the  town  of  Northampton  it 
has  a  maximum  thickness  of  about  70  feet,  from  which  point 
it  becomes  gradually  reduced  both  towards  the  north-east  and 
south-west,  as  shown  opposite. 
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The  ore  bed  is  of  a  quality  suitable  for  metallurgical  pur- 
poses over  a  very  large  area,  as  may  be  judged  from  the  fact 
that  it  has  been  wrought  at  each  of  the  following  places  : — 

Blisworth        Finedon        Northampton      Thrapston 
Brixworth        Irchester       Ringstead  Towcester 

Desborough    Kettering      Stamford  Wellingborough 

To  attempt  a  description  of  the  ore  bed,  as  seen  at  each 
of  these  places,  would  involve  a  considerable  amount  of  repe- 
tition, so  that  only  a  few  examples  will  be  given,  but  they  will 
be  selected  so  as  to  illustrate,  as  fully  as  possible,  the  various 
conditions  under  which  the  bed  occurs. 

In  the  neighbourhood  of  Wellingborough,  where  perhaps 
the  largest  quantity  of  ore  has   been  worked,   it   is  found 
immediately  under  a  superficial  covering  of  sand,  or  sand  and 
gravel,  varying  in  thickness  from    1    to  about  4  or   5  feet. 
The  thickness  of  the  ore  varies  with  the  amount  of  denudation 
it  has  undergone  in  the  different  parts,  sometimes  reaching 
10  feet  and  more.     The  ore  is  not  worked  down  to  the  upper 
lias  clay,  one  or  two  inferior  beds  being  left  on,  but  the  clay 
is  never  far  below  the  bottoms  of  the  various  pits.     The  un- 
worked  beds  are  of  a  concretionary  character,  but  the  cores 
are  mostly  of  sand,  the  only  iron  they  contain  being  in  the 
surrounding  rings.      The   ore,   where  thickest,   is    distinctly 
bedded,  and  of  a  concretionary  character,  consisting  of  softish 
yellow  oolitic  ore  and  thin  irregularly  shaped  "  shells  "  of  hard 
brown  ore.    Some  of  the  cores  consist  entirely  of  yellow  sand, 
which,  when  closely  examined,  is  seen  to  consist  of  grains  of 
quartz,  mostly  below  T^  of  an  inch  in  diameter,  coated  with 
hydrated  peroxide  of  iron.      The  proportion   of  brown  and 
yellow  ore  here  is  about  the  same  as  at  Lincoln."   Cores  of 
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blue-green  oolitic  ore  are  scarce,  and  always  occur  near  the 
bottom  of  the  bed.  In  some  parts  of  the  ore  "  walls  "  of 
clay  or  sandy  clay  are  met  with.  They  extend  from  the  top  of 
the  bed  downwards,  and  appear  to  be  filled  joints,  like  the 
"gulls  "  in  the  ore  at  Cottesmore. 

Where  the  ore  is  thin,  and  the  cover  perhaps  also  thin, 
so  that  weathering  action  has  been  favoured,  there  is  fre- 
quently very  little  else  but  the  brown  ore  "  shells,"  which  lie 
together  in  a  very  confused  manner.  The  yellow  ore  originally 
forming  the  cores  has  probably  been  washed  away,  unless  it 
be  that  the  whole  of  it  has  been  converted  into  brown  ore  by 
longer  exposure.  One  fact  may  be  noticed  which  is  of  wide 
occurrence  in  Northamptonshire,  and  that  is,  that  the  bed- 
planes,  where  the  ore  has  been  much  altered,  have  a  more 
rapid  dip  than  the  bed  itself. 

On  the  west  side  of  the  road  leading  from  Wellingborough 
to  Finedon,  and  not  far  from  the  latter  place,  the  ore  occurs 
under  similar  conditions  to  that  of  Wellingborough,  but  is 
thicker,  being  about  13  feet  6  inches  under  a  sandy  cover, 
varying  from  1  to  4  feet.  The  upper  three  feet  of  ore  is 
concretionary,  cellular  and  fragmentary,  as  at  Wellingborough, 
but  the  lower  10  feet  is  much  more  compact,  and  shows  one 
very  well  defined  bed-plane  about  the  middle.  This  lower 
part  of  the  bed  is  also  intersected  by  two  sets  of  vertical  joints, 
many  of  which  are  wide,  in  some  cases  being  more  than  an 
inch  across,  and  they  are  mostly  unfilled.  Kernels  of  bluish 
and  greenish  carbonate  are  much  more  abundant  here  than  at 
Wellingborough,  and  they  are  much  commoner  in  the  compact 
ore  than  in  the  fragmentary  ore  at  the  top. 

The  open  vertical  joints  just  referred  to  are  a  very  con- 
spicuous feature  of  the  bed  at  Duston,  near  Northampton.  Some 
of  the  joints  there  are  as  much  as  a  foot  wide.  Sometimes 
they  are  filled  with  fine  ore  that  has  fallen  from  the  upper  part 
of  the  bed,  in  other  cases  they  are  open.  The  plane  face 
exhibited  by  these  joints,  when  viewed  sidewise,  does  not  show 
the  slightest  evidence  of  the  concretionary  condition  of  the  ore, 
which  is  presented  when  the  joints  are  viewed  endwise.    At 
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Duston,  also,  may  be  seen  a  striking  instance  of  the  fact  already 
mentioned,  that  in  some  instances  the  bed  planes  dip  at  a 
greater  angle  than  the  bed  itself.  It  is  in  that  locality,  too,  that 
the  ore  bed  attains  its  maximum  development,  having  been 
over  thirty  feet  thick  in  places. 

On  the  opposite  side  of  the  road  from  the  pit,  near  Finedon, 
already  in  part  described,  the  ore  passes  in  below  the  clay  of 
the  upper  Estuarine  Series,  and  has  been  worked  in  that 
position  with  a  cover  of  15  feet.  Here  the  ore  is  still  more 
compact,  and  more  distinctly  bedded  than  in  the  pit  on  the 
other  side  of  the  road,  where  there  is  only  a  porous  drift  cover- 
ing, and  it  contains  a  larger  proportion  of  green  and  grey  kernels. 
These  kernels  are  also  of  an  increased  size,  some  of  them 
being  as  much  as  18  inches  in  diameter. 

On  Hunsbury  Hill,  near  Northampton,  the  ore  is  worked 
with  a  covering  as  thick  as  at  Finedon,  but  there  it  is  mostly 
of  white  sand  belonging  to  the  Northampton  sand.  With  this 
amount  of  cover  the  ore  is  very  compact,  and  is  as  distinctly 
bedded  and  jointed  as  any  sandstone  or  limestone ;  but  as  it  is 
followed  down  the  hillside,  where  the  cover  becomes  thinner 
and  eventually  disappears,  there  is  a  gradual  approximation  to 
the  rubbly  character  presented  by  the  bed  in  similar  situations 
elsewhere. 

The  Northampton  ore  generally  contains  numerous  organic 
remains,  about  two  hundred  and  thirty-eight  different  species 
having  been  found  by  Mr.  S.  Sharpe,  a  list  of  the  Cepha- 
lopeda,  and  of  the  commoner  Lamellibranchiata  being  given 
below : — 

Ammonites  bifrons,  Phil. 

„  insignis,  junior,  Schubkr. 

„  Murchisonae,  Sow. 

„  Martinsii,  UOrb. 

„  opalinus,  Rem. 

Nautilus  obesus,  Sow. 
»       polygonalis,  Sow. 
„      sinuatus,  Sow. 
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Belemnites  acutus,  Miller, 

Bessinus,  UOrb. 

elongatus,  Miller. 
„         (phragmocones). 
Cardium  cognatum,  PhiL 
Isocardia  cordata,  Buckm. 
Ceromya  Bajociana,  JDPOrb. 
Lima,  various  spedes. 
Gucullsea,  various  species. 
Macrodon  hirsonensis,  Mor.  and  Lye. 
Trigonia,  various  species. 
Pecten  demissus,  Phil. 
„     lens,  Smu. 

Most  of  the  shells  of  these  organisms  have  had  their  limy 
matter  replaced  by  peroxide  or  carbonate  of  iron,  and  adjoin- 
ing the  shells  there  is  frequently  a  narrow  band  of  the  brown 
denser  ore. 

The  composition  of  the  ore  in  different  parts  of  the  district 
is  set  forth  in  the  following  table  : — 


Constituents. 

1 

Stamford 

brown 

ore. 

a 

Stamford 
grey  ore. 

3 

Towces- 
ter. 

4 

Welling- 
borough. 

* 

5 

Thrap- 
ston. 

Water  at  21 2°  Fahr.  ... 

„       combined      and 

organic  matter 
Peroxide  of  iron 
Protoxide  of  iron 
Oxides  of  alumina  and 

manganese  ... 

I'lIDC       •••             ...             .  •• 

Magnesia         

Carbonic  acid 

Phosphoric  „ 

Sulphuric    „ 

Soluble  silica 

Insoluble  silicious  mat- 
ter 

*»*w  ft.                 •  ■  •                              •  •  •                             •  •  • 

4*12 
776 

57*55 

4-07 

3-62 

•50 

2*82 

76 
•02 

1878 

:} 

29*89 

211 

10-96 

2-44 

30"37 

79 
trace 

•12 

2332 

14*60 
64*62 

3*9* 
•90 

•25 

2*15 
•05 

13-52 

"\37 
52-20 

764 

713 

•57 
492 

1*26 

i*6o 

I3'55 

14*16 
64*72 

349 

396 

•53 

2*06 
•07 

1 1*40 

Total        

IOO'OO 

IOO'OO 

IOO'OO 

100*24 

100-39 

Metallic  iron 

40-28 

2325 

45*24 

3700 

4530 

NORTHAMPTONSHIRE  IRONSTONE.  245 

These  analyses  are  given  merely  as  illustrations  of  the 
different  classes  of  ore,  and  not  to  show  the  general  com- 
position of  the  ore  yielded  by  the  particular  districts  named. 
The  lime,  it  will  be  noticed,  is  very  variable,  in  some  cases 
being  almost  absent.  There  is  also  considerable  variation  in 
the  alumina.  Silica  is  the  predominant  non-metallic  mineral. 
The  above  analyses  being  of  specimens  in  an  air-dried  con- 
dition, give  a  higher  percentage  of  metallic  iron  than  the  ore 
contains  in  situ.  Moreover,  3  and  5  are  better  than  average 
samples,  for,  taken  as  a  whole,  this  ore,  as  it  comes  from  the 
bed,  will  not  yield  more  than  about  34  or  35  per  cent,  of 
metallic  iron.  This  is  less  than  is  given  in  most  published 
analyses,  and  for  the  reason  that  they  do  not,  as  a  rule,  take 
into  account  the  full  quantity  of  moisture.  This  remark  also 
applies  to  the  bulk  of  the  published  analyses  of  other  ores  of 
this  class. 

The  average  of  18  analyses  gives  the  percentage  weights 
of  lime,  etc.,  in  the  ore  as  follows  : — 

OIIICa  •■*  •■•  ••• 

Alumina 
Magnesia 

The  average  specific  gravity  of  the  ore  may  probably  be 
taken  at  2*5,  and  its  porosity  varies  from  about  13  to  30  per 
cent. 

Deposits  in  the  Middle  Oolite. 

Wiltshire.  The  only  deposit  at  present  working  in  these 
rocks  is  a  bed  at  Westbury  station,  in  Wiltshire,  but,  some 
years  ago,  the  same  bed  was  wrought  near  Heywood,  a  few 
miles  north  of  Westbury.  It  occurs  in  the  upper  part  of  the 
coralline  rocks,  as  shown  in  Plate  II.  At  Abbotsbury,  in 
Dorsetshire,  there  is  a  similar  deposit  on  the  same  horizon,  but 
it  is  not  worked,  so  that  the  following  remarks  will  be  confined 
to  the  former  locality. 


Average. 

Variations. 

U'59 

2*  1 6 — 29-07 

576 

i'56—  lS'l3 

2*40 

•0—25-68 

•62 

•0—  413 
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The  rocks  occurring  here  are  as  under : — 

Ft  in. 
Blue  (Kimmeridge)  clay  (roof). 

Ironstone 11  6 

Greenish  sand       4  o 

Oolitic  limestone 28  o 

Stiff  marl 12  o 

Sand,  with  four  or  five  beds  of 

rock,  about  1  fogt  thick       ...  50  o  (lower  calcareous  grit). 
Oxford  clay. 

The  dip  of  the  ore  bed  is  to  the  east,  at  about  1  in  14 
to  1  in  20.  Its  thickness,  just  under  the  Kimmeridge  clay, 
including  inferior  bands,  is  about  1 1  ft  6  in.,  but  it  appears  to 
grow  thinner  to  the  dip,  for  about  400  yards  eastward  from 
the  present  working  face,  a  sinking  was  made  through  50 
feet  of  Kimmeridge  clay,  and  the  ore  was  found  to  be  only 
2  feet  thick.  On  the  opposite  side  of  the  railway  from  the 
present  workings,  that  is  to  the  rise,  the  thickness  was  about 
14  feet. 

Where  the  overlying  rocks  are  thin  or  porous  the  ore  is 
a  brown  hydrated  peroxide,  but  under  the  Kimmeridge  clay 
it  is  a  dark  bluish  or  greenish  carbonate,  the  change  from  one 
class  of  ore  to  the  other  being  gradual,  and  dependent,  in  part, 
upon  the  thickness  of  the  cover. 

The  ore  is  thin-bedded,  particularly  near  the  top,  and 
where  blue  is  fairly  compact,  and  works  off  in  flakes  as  at 
Frodingham  and  Caythorpe,  but  the  brown  ore  is  in  a  very 
loose  and  fragmentary  condition.  Nine  inches  of  the  bed  just 
under  the  Kimmeridge  clay  is  shaly  and  fossiliferous,  and  is 
consequently  rejected  in  working.  Below  this  there  is  a 
2  ft.  bed  of  good  ore,  and  then  another  fossiliferous  band  9 
inches  thick,  which  is  also  thrown  away.  The  remainder  of 
the  bed  below,  8  feet  thick,  is  all  sent  to  the  furnaces. 

The  composition  of  the  two  kinds  of  ore  is  given  in 
the  following  analyses,  though  the  quality  of  the  samples 
from  which  the  results  were  obtained  was  better  than  the 
average. 
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Dried  at  axa°  Fahr. 
Brown  ore.      Dark  greenish  ore. 


Water  (combined) 

•  •  « 

•  •  • 

•  •  • 

I370 

»•  • 

— 

Peroxide  of  iron 

•  •  • 

a  •  • 

•  •  • 

5993 

•  •  • 

132 

Protoxide    „ 

•  •  • 

•  •  • 

•  •  • 

— 

•  •  • 

47-25 

Silica 

•  •  ■ 

•  •  • 

•  •  • 

18-99 

•  •  • 

1472 

Alumina 

•  «  • 

•  •  ■ 

•  •  • 

322 

■  •  • 

5-46 

Lime   ...         ... 

•  •  • 

•  •  • 

•  •  ■ 

1-84 

•  •  • 

74 

Magnesia 

•  •  • 

•  •  « 

•  •  • 

•84 

B  •   • 

•36 

Phosphoric  acid 

•  •  • 

■  •  « 

»•• 

— 

•  •  * 

trace 

Sulphuric      „ 

•  •  • 

•  •  • 

•  •  • 

— 

■  •• 

•10 

Carbonic       „ 

•  •  • 

•  •• 

•  •  • 

i'45 

*  m  m 

30*01 

Total 

•  •  ■ 

•  *  • 

•  •  • 

•  •• 

•  •  ■ 

•  •  • 

9997 

9  • 
•  • 

9996 

Metallic  iron  ... 

41*95 

37*67 

ti         »    in  the 

raw  ore,  1 

about 

37oo 

*  •  • 

35-00 

The  dark  bluish  or  greenish  ore  effervesces  when  wetted 
with  acid,  but  the  brown  does  not.  The  average  specific  gravity 
of  the  brown  ore  is  about  2-5,  of  the  blue  and  green  ore,  2*6, 
and  their  respective  porosities  are  about  25  and  14  per  cent. 

The  ore,  both  blue  and  brown,  is  very  oolitic,  and  the 
grains  are  mostly  hollow.  Organic  remains  are  not  abundant, 
except  in  the  two  inferior  bands,  which  are  rejected  in  working. 
In  them  Ostrea  ddtoidea  occurs  in  large  numbers.  A  list 
of  the  fossils  found  throughout  the  bed  is  given  below,  after 
Hudleston  and  Blake.1 

Ammonites  Berryeri,  Les. 

„         decipiens,  Sow. 

„         pseudo-cordatus,  Bl.  &  H. 
Cordium  delibatum,  De  Lor. 
Pholadomya  hemicardia,  Ag. 
Perna  quadrata,  Sow. 
Pecten  lens,  Sow. 

nudus,  D'Orb. 
distriatus,  Leym. 
Ostrea  deltoidea,  Sow. 
Serpula. 

1  "  On  the  Coralline  Rocks  of  England, "  Quarterly  Journal  of  the  Geo- 
logical Society,  vol.  xzxiii.,  1877. 
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Deposits  in  the  Lower  Cretaceous  Rocks. 

Iron  ore  has,  in  recent  times,  been  worked  at  two  places 
only  in  these  rocks,  viz.,  in  North  Lincolnshire  and  Wiltshire, 
but  formerly  this  horizon  was  one  of  the  principal  sources  of 
this  mineral  in  the  country.  In  the  old  days,  when  charcoal 
was  the  fuel  used  in  iron  smelting,  the  counties  of  Surrey  and 
Kent  were  famous  for  their  iron  furnaces,  and  the  ore  smelted 
in  them  was  obtained  from  the  cretaceous  rocks  of  the  Weald ; 
but  the  scarcity  of  timber,  combined  with  the  introduction  of 
coke  elsewhere,  put  a  stop  to  these  once  important  industries. 

Claxby,  Lincolnshire.  Along  the  rising  ground,  which 
occurs  on  the  west  of  the  Lincolnshire  Wolds,  there  crops  out 
a  group  of  strata  belonging  to  the  Neocomians.  From 
palseontological  considerations  they  have  been  divided  into 
lower,  middle,  and  upper.  In  the  middle  group  there  is  a  bed 
of  iron  ore,  which  has  been  worked  in  a  small  way  at  Hundon, 
near  Caistor,  and  about  seven  miles  further  south  at  Tealby. 
It  is,  however,  only  near  Claxby  that  any  quantity  of  ore  has 
been  obtained.  The  bed  there  comes  to  the  surface  about 
halfway  up  the  steeply  rising  ground,  which  extends  south- 
wards from  Acre  House  by  the  eastern  side  of  the  village  of 
Claxby,  and  it  is  worked  by  means  of  mines,  which,  at  the 
present  time,  have  extended  about  half  a  mile  into  the  hill. 
The  geological  position  of  the  ore  bed  is  shown  in  the  section 
below,  which  was  obtained  in  sinking  an  air  shaft  to  the  mine. 

kj  vll  •  •  •  •■•  ••■  •••  •  • 

White  chalk         

Yellowish  clay  and  red  marly  chalk 

/'Upper    Red  sand 

'Limestone ...         ... 

Blue  clay 

Middle-  Yellow  clay  

Iron  Ore 

Vv'lRy  •••  •  •  •  •  •  •  •••  •  • 

..Lower    Coarse  greenish  white  sand 

The  dip  of  the  bed  is  to  the  east,  at  a  very  low  angle,  and 
the  thickness  of  the  workable  part  of  it  is  about  6  feet.     Under 
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it  there  are  from  5  to  7  feet  of  hard  yellowish  clay ;  below  this 
again  is  coarse  greenish  sand,  in  which  are  blocks  of  sandstone 
formed  of  the  same  kind  of  sand  as  that  above,  but  set  in  a 
limy  matrix.  The  roof  of  the  ore  is  clay  for  about  2  feet, 
above  that  is  clay  with  iron  ore. 

The  ore  is  a  brownish-yellow  hydrated  peroxide,  very 
oolitic,  the  grains  being  mostly  of  a  shining  black  and  hollow. 
It  has  this  prevailing  brownish-yellow  colour,  even  where  the 
working  faces  are  at  present  half  a  mile  in  from  day.  It  is,  how- 
ever, much  harder  now  than  it  was  at  the  outcrop. 

Organic  remains  are  numerous,  the  most  common  form 
being  pecten  ductus.  The  various  species  found  in  the  ore  are 
named  in  the  following  list,  after  Keeping 1 : — 

Belemnites  lateralis,  Phil. 
„  quadratus,  Rom. 

„  sp. 

Ammonites  noricus,  Schl. 

„  plicomphalus,  Sow. 

Exogyra  sinuata,  Sow. 
E.  Tombeckiana,  D'Orb. 
Pecten  cinctus,  Sow. 

„      striato-punctatus,  Rom. 

„      sp. 
Avicula  macroptera,  Rom. 
Lima  Tombeckiana,  D'Orb. 

„     sp. 
Pleurotomaria  neocomiensis,  D'Orb. 

„  sp. 

Species  of  Trochus,  Turbo,  Neritopsis,  and  Emarginula. 
Pilcopsis  neocomiensis,  Gardu. 
Ostrea  frons,  Park. 
Trigonia  ingens,  Lye. 
Astarte  robusta,  Lye. 

1  "On  some  Sections  of  Lincolnshire  Neocomian,"  Quarterly  Journal 
o/tht  Geological  Society  vol.  xxxviii.,  1882. 
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Species  of  Modiola,  Cucullaea,  Teilina,  Sphsera,  Cyprina, 

Myacites,  Pholadomya  and  Sowerbya. 
Serpula  lophioides,  Goldf. 
„      gordialis,  SchL 

The  constituents  of  the  ore  have  been  determined  by 
analysis  to  be  as  follows : — 


Water  at  212°  Fahr 

•  •  • 

•  »  • 

5-68 

i,      combined         ...         ...         ... 

■  ■  * 

•  •  • 

10*48 

Peroxide  of  iron          

•  •  • 

•  ■  • 

5286 

Oxides  of  alumina  and  manganese  ... 

■  •  • 

•  •  • 

6-45 

umc       »>.         ...         ...         •*•         ... 

•  •  • 

*  •  • 

2*00 

Magnesia          ...        ...        •••         ... 

•  •  * 

■  •  • 

i-57 

Phosphoric  acid          

•  •  • 

•  •  • 

•24 

Sulphuric     „ 

•  ■  • 

•  «  • 

trace 

\^arDomc       },              ...         ...         ••• 

■  •  • 

•  •  • 

294 

Insoluble  silicious  matter      

•  •  • 

•  •  • 

•  •  • 

•  •  • 

17*26 

a  o  iai          •••         .'.         ...         ••• 

9948 

Metallic  iron     ...         ...         ...         ... 

m  •  • 

•  •  • 

37-00 

The  sample  giving  these  results  was  in  a  highly  air-dried 
condition,  so  that  the  metallic  iron  is  from  3  to  4  per  cent, 
higher  than  would  have  been  obtained  from  the  same  piece 
of  ore  immediately  after  it  came  from  the  mine.  For  the 
same  reason  the  water  given  off  at  2120  Fahr.  is  less. 

The  average  specific  gravity  of  the  ore  is  about  2*5,  and  its 
porosity  about  25  per  cent. 

In  Hunt's '  British  Mining  "  the  Claxby  bed  is  stated  to  be 
in  the  lower  Lias.    This  is  not  correct. 

Seend,  Wilts.  Some  years  ago,  when  the  furnaces  at 
Seend  were  working,  a  considerable  quantity  of  ore  was  ob- 
tained between  where  they  stand  and  the  village.  It  occurs 
in  the  lower  greensand,  which  there  reposes  on  the  Kim- 
meridge  clay,  as  shown  in  the  East  Somerset  and  West  Wilts 
section,  Plate  II.  Scattered  through  the  sand,  and  parallel  to  the 
false-bedding,  are  irregular  lines  of  orey  concretions,  in  which 
the  bulk  of  the  iron  that  occurs  in  the  deposit  is  concentrated. 
Many  of  the  concretions  have  a  core  of  yellow  sand,  the  grains 
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of  which  are  from  ^  to  ^  of  an  inch  diameter,  and  consist 
of  silica  dusted  with  hydrated  peroxide  of  iron.  When 
exposed  to  the  wind,  this  sand  is  in  many  cases  blown  out,  so 
that  a  face  which  has  not  been  worked  for  some  time  has 
a  very  cellular  appearance.  Between  the  different  bands  of 
irony  concretions  the  bed  consists  mostly  of  sand,  of  a  similar 
character  to  that  just  mentioned,  which  is  in  places  thickly 
set  with  silicious  pebbles,  some  as  much  as  three-quarters  of 
an  inch  on  their  larger  axis.  The  bed  is  much  softer  in  these 
sandy  parts  than  where  it  is  richest  in  iron.  Occasionally  the 
deposit  is  traversed  by  strong  vertical  joints,  some  as  much  as 
a  foot  wide,  and  open.  Others  are  filled  with  surface  material. 
In  this  respect  the  deposit,  when  seen  from  a  little  distance, 
bears  a  striking  resemblance  to  some  of  the  ore  in  Northamp- 
tonshire. 

As  a  rule,  the  deposit  is  not  worked  down  to  the 
Kimmeridge  clay,  about  6  feet  at  the  bottom  being  so  pebbly, 
and  otherwise  poor,  that  it  is  usually  left.  The  greatest  thick- 
ness that  has  been  worked  is  about  28  feet,  but  ordinarily 
it  will  run  about  18  to  20  feet,  with  a  cover  of  from  4  to  5  feet. 

The  quality  of  the  ore,  as  despatched  to  the  market, 
although  certainly  silicious,  is  not  so  bad  in  that  respect  as 
might  be  expected.  This  is  owing  to  the  fact  that  most  of  the 
sand  and  pebbles  are  easily  separated  in  working.  Below,  are 
the  results  of  an  analysis  of  a  piece  from  the  orey  part  of  the 
deposit : — 

Peroxide  of  iron         64*61 

OiBCa       ...  ...  ...  ...  ...  , ,.  ...  I002 

Alumina  3*85 

i  ..line      ...        ...         ...         ...         . . .         . . .         ...  *  04 

Magnesia  20 

Phosphoric  acid  64 

Water   ...         ...         ...         ...         ...         ...         ...       11*85 

Total  QQ/81 


Metallic  iron 45-22 

The  average  specific  gravity  of  the  orey  part  of  the  bed 
is  about  2 -5,  and  its  porosity  varies  from  13  to  22  per  cent. 
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III.  General  Observations. 

In  taking  a  general  view  of  the  deposits,  one  or  two  rather 
important  facts  appear.  In  the  first  place,  it  will  be  observed, 
they  are  all  in  close  association  with  immense  masses  of  clay. 
Taking  the  Seend  ore  first,  it  is  seen  that,  although  that  deposit 
occurs  in  the  lower  greensand,  yet  it  rests  directly  on  the 
Kimmeridge  clay.  Proceeding  next  to  the  Claxby  ore,  in  the 
middle  Neocomian,  it  is  found  to  be  practically  based  on  the 
same  clay,  there  being  only  about  six  feet  of  coarse  sand 
intervening.  Then,  the  Westbury  bed,  on  the  coralline  rocks, 
is  at  the  base  of  the  Kimmeridge  clay.  Coming  to  a  still 
lower  horizon,  the  deposits  of  the  inferior  oolites  of  Yorkshire, 
Mid-Lincolnshire,  Rutlandshire,  and  Northamptonshire  are  all 
found  at  the  top  of  the  enormous  mass  of  clay  which  con- 
stitutes the  upper  lias,  whilst,  at  the  base  of  that  clay,  there 
are  the  extensive  beds  of  ore  that  are  worked  in  Cleveland, 
Lincolnshire,  Leicestershire,  and  Oxfordshire.  Lastly,  the 
Frodingham  ore  occurs  in  the  midst  of  a  great  body  of 
clay. 

Another  fact,  which  is  probably  more  than  an  accidental 
occurrence,  is  that  the  deposits,  for  example,  at  the  top  and 
bottom  of  the  upper  lias — that  is  to  say,  the  ores  of  the 
inferior  oolite  and  the  Marlstone  rock-bed — do  not,  so  far  as 
is  known,  attain  their  maximum  development  in  superposition, 
but  alternately;  thus,  in  Cleveland,  when  the  "main  seam" 
(of  the  middle  lias)  is  best,  there  is  scarcely  a  trace  of  the 
"  top  seam  "  of  the  inferior  oolite ;  whilst,  in  Rosedale,  where 
the  latter  seam  acquires  its  greatest  importance,  the  former 
seam  has  almost  disappeared.     Again,  the  ore  of  the  inferior 
oolite  extends  in  a  more  or  less  workable  condition,  from 
Lincolnshire  southward  to  Coleby,  whence  it  rapidly  deterio- 
rates, but  at  Caythorpe,  a  few  miles  south   of  Coleby,  the 
Marlstone  rock-bed  is  highly  ferruginous,  and  continues  so, 
in  a  greater  or  less  degree,  to  Holwell,  in  Leicestershire,  but  to 
the  south  of  that  place,  through  Rutlandshire  and  Northampton- 
shire, it  has  more  of  the  character  of  a  limestone  than  of  an 
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iron  ore.  Simultaneously  with  the  deterioration  of  this  bed, 
south  of  Holwell,  there  is  a  marked  improvement  in  the  ore- 
bearing  zone  of  the  inferior  oolite.  At  Cottesmore,  in  Rut- 
landshire, it  is  so  well  developed  as  to  be  workable,  and  it 
preserves  that  condition,  more  or  less,  through  Rutlandshire 
and  Northamptonshire,  as  far  as  Towcester,  where  it  dies  out. 
A  few  miles  beyond,  at  Adderbury  and  King's  Sutton,  the 
Marlstone  rock-bed  again  becomes  a  workable  ore,  and  con- 
tinues so  to  Fawler,  the  most  southerly  point  at  which  ore  has 
been  obtained  from  either  of  the  two  horizons  under  con- 
sideration. 

The  number  of  places  at  which  the  deposits  immediately 
above  and  below  the  Kimmeridge  clay  have  been  worked  is 
too  small  to  enable  it  to  be  determined  whether  a  similar 
alternation  exists  in  them,  but  it  would  seem  as  if  it  did,  from 
the  relative  position  of  the  deposits  at  Westbury  and  Seend. 
The  writer  does  not  wish  to  attach  an  undue  importance  to 
this  alternation  of  deposits  in  different  horizons,  as  further 
explorations  may  prove  that  it  is  more  apparent  than  real,  but 
he  considers  the  facts,  so  far  as  known,  to  be  at  least  worthy 
of  mention. 

When  the  deposits  on  any  given  horizon  are  examined  over 
a  large  area,  it  is  found  that  there  is  not  a  great  difference  in 
their  chemical  constitution.  Besides  the  hydrated  peroxide  or 
carbonate  of  iron  contained  in  these  ores,  they  all  possess  a 
considerable  proportion  of  ordinary  rock-forming  minerals, 
such  as  silica,  alumina,  lime,  and  magnesia.  The  relative  per- 
centage weights  of  each  of  these  different  materials  in  the  ores 
of  the  inferior  oolites  and  middle  lias,  at  most  of  the  places 
where  they  have  been  worked,  are  given  in  the  following  state- 
ment : — 

Ores  of  the  Inferior  Oolite. 

Silica.  Alumina.  Lime.  Magnesia.  Totals. 

1.  Roscdale            ...      1333          834  5-09  275          29-51 

2.  Mid-Lincolnshire       13*67          4*59  3*24  -36  *  21*86 

3.  Rutlandshire     ...      11*91          8-05  '50  '45          20*91 

4.  Northamptonshire     U'59          576  2*40  '62          20*37 
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Ores  of  the  Middle  Lias. 

Silica.  Alumina.  Lime.  Magnesia.  Totals. 

5.  Cleveland           ...      11*42          8*63  5*13          2*99  28*17 

6.  Caythorpe      t  ...      11*14          9*09  7*12            -52  27*87 

7.  Holwell 1 1*40         9-02  3*60          1*06  25*08 

8.  Fawler 11*21          7*14  8*35            *66  27*36 

Nos.  2,  4  and  5  are  each,  the  average  of  eighteen  promis- 
cuous analyses.    The  others  are  of  fairly  average  samples. 

The  ores  on  both  horizons,  it  will  be  noticed,  contain  more 
magnesia  in  Yorkshire  than  anywhere  else.  The  silicious  and 
aluminous  materials  are  together  fairly  constant  throughout 
The  greatest  variation  is  in  the  lime.  1  and  5  are  carbonates, 
the  others  are  hydrated  peroxides.  The  former  contain  a 
larger  proportion  of  these  rock-forming  materials  than  the 
latter,  but  they  hold  much  less  water. 
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Stratigraphical  and  Lithological  Particulars. 

County  Antrim  is  almost  entirely  covered  by  a  sheet  of 
basalt,  which  varies  in  thickness  according  to  the  amount  of 
denudation  it  has  undergone,  from  a  few  feet  to  about  1,000 
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feet  This  basalt  rests  upon  "  white  limestone,"  the  equivalent 
of  the  upper  chalk,  and  appears,  from  the  nature  of  the  plants 
yielded  by  some  inter-bedded  layers  of  lignite,  to  be  of  Lower 
Miocene  age. 

The  basalt  may  be  divided  into  three  classes,  amorphous, 
columnar,  and  concretionary,  all  of  which  can  be  seen  by  those 
who  visit  the  famous  Giant's  Causeway,  on  the  north  coast. 
Like  other  volcanic  rocks  of  a  similar  character  the  basalt  is 
distinctly  bedded,  as  in  the  cliffs  at  Pleaskin,  near  the  Giant's 
Causeway. 

Over  a  large  part  of  its  area  it  has  a  low  dip  to  the  south, 
but  in  some  of  the  small  outliers  the  dip  is  in  other  directions 
and  at  higher  angles.  The  basalt  is  usually  divided  into  upper 
and  lower,  the  former  having  a  maximum  thickness  of  about 
400  feet  and  the  latter  of  about  600  feet.  They  are  separated 
by  the  iron-ore  beds  presently  to  be  described,  which  form  a 
convenient  line  of  division,  as  they  are  so  easily  recognised. 

Parallel  to  these  ore  beds,  and  inter-stratified  with  both  the 
upper  and  lower  basalt,  are  a  number  of  other  ferruginous 
bands.  The  precise  number  is  not  known,  but  they  occur  one 
above  another  like  seams  of  coal,  as  in  the  cliffs  near  Downhill. 
There,  only  two  are  to  be  seen,  but  in  other  places  there  are 
more.  In  Cape  Pleaskin  five  of  these  bands  can  be  seen  in 
the  lower  basalt.  Usually  they  consist  of  a  ferruginous  clay 
called  "  bole,'*  with  an  underlying  layer  of  lithomarge.  Below 
are  two  analyses  of  the  basalt : — 


No.  1. 

No.  a. 

Peroxide  of  iron 

•  •  • 

•  •  • 

•  •• 

27*87 

•  •  • 

895 

Silica 

•  •  a 

•  •  • 

•  •  • 

3972 

•  •  ■ 

5370 

Alumina    ... 

•  •  • 

•  •  • 

•  •  • 

1432 

•  •  • 

2541 

Lime           . .  • 

•  •  ■ 

•  •  • 

•  •  » 

415 

•  •  • 

455 

Magnesia   ... 

•  •• 

•  •  • 

•  •  • 

4*oo 

•  •  • 

— 

Soda 

•  •  • 

•  •  • 

•  *  • 

} 

Potash 

•  •  • 

•  •  • 

•  •  • 

994 

•  •  • 

Sulphuret  of  iron 

•  •• 

•  •  • 

•  •• 

— 

•  •• 

trace 

Water 

•  •• 

•  •  ■ 

•  •  • 

•  •  • 

•  •  • 

•  •  * 

— 

•  *  • 

430 

Total 

100*00 

X 
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PLATE  IV.— Diagrammatic  S$Am  is  Split  towards  the  S.E. 
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Position  of  Ores  and  their  Nature. 

The  position  of  the  ores  between  the  upper  and  lower 
basalts  is  well  seen  at  Portmoon,  on  the  north  coast,  where 
they  occur  in  beds  immediately  under  the  lower  tier  of  basaltic 
columns. 

The  seams,  which  occur  in  a  similar  position  in  the  cliffs 
near  the  Giant's  Causeway,  are  the  same.  They  have  been 
worked  by  "  day  "  levels  in  various  parts  of  the  county,  as  at 
Urblereagh  and  Ballylagan,  near  Portrush,  Duneany,  near 
Glarryford,  at  Lyle  Hill  and  Ballypallidy,  near  Templepatrick, 
GlenaruT,  near  Red  Bay,  Kilwaughter,  and  Glenarm,  and  on 
Island  Magee ;  but  the  most  important  operations  have  been 
carried  out  along  the  line  of  the  Ballymena  and  Cushendall 
Railway.  These  openings  have  been  made  into  the  hillsides 
along  the  outcrop,  at  Newton  Crommelin,  Evishacrow,  Park- 
more,  Glenravel,  Cargan,  Dungonnel,  Mount  Cashel,  Rath- 
kenny,  Elginny,  Knockboy,  Coreen,  Ballylig,  and  Clonetrace. 
A  general  section  of  the  seams  is  given  below. 

Roof. — Upper  basalt.     Sometimes  Columnar. 

Clay  (called  by  the  miners  "  brushing  ").  Slate  coloured 
passing  gradually  into  the  overlying  basalt.  The  thickness  of 
the  clay  is  very  irregular,  varying  from  an  inch  to  2  J  feet,  with 
an  average  of  about  a  foot.  It  peels  off  the  overlying  basalt 
in  laminae,  parallel  to  the  sinuosities  of  the  under  surface 
thereof. 

Pisolitic  Ore,  locally  called  u  shot "  ore,  consists  of  a  soft, 
brown  or  reddish  aluminous  poor  ore,  in  which  are 
thickly  imbedded  small,  and  approximately  spheroidal, 
pieces  of  rich,  hard  ore,  often  black,  and  generally  about 
the  size  of  peas  or  less,  but  sometimes  as  large  as 
walnuts,  the  larger  being  near  the  top.  Some  of  them 
are  strongly  attracted  by  the  magnet.  The  junction 
between  this  bed  and  the  overlying  clay  is  very  distinct, 
and  the  two  separate  quite  easily.  This  ore  is  the 
most  important  in  Antrim  for  the  purposes  of  iron- 

17 
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making,  and  on  that  account  is,  at  present,  mainly 
worked.  Its  thickness  varies  from  3  or  4  inches  to 
nearly  4  feet. 

Bole,  called  by  the  Miners  "pavement."  A  reddish 
or  brownish  ferruginous  rock  containing  numerous 
concretionary  nodules  of  basalt.  Sometimes  the  iron 
is  distributed  in  irregular  layers  or  nodules,  the  remainder 
of  the  bed  having  the  character  of  bauxite.  It  is 
moderately  hard,  and  breaks  into  irregular  cuboidal 
pieces.  The  junction  between  this  and  the  overlying 
pisolitic  ore  is  not  very  distinct.  It  varies  in  thickness 
from  8  to  17  feet. 

Lithomarge,  locally  called  "  marge,"  is  a  variegated 
soft  rock  of  a  prevailing  blue-slate  colour  and  greasy 
feel.  Like  the  bole,  it  contains  concretionary  nodules 
of  basalt,  but  they  are  more  numerous  in  this  bed  than 
in  the  bole.  The  line  separating  it  from  bole  is  some- 
what indistinct.  Its  thickness  ranges  from  12  to  60 
feet. 

Sole : — Lower  basalt : — Concretionary,  passes  gradually 
into  the  overlying  lithomarge. 

A  section  of  the  three  beds,  as  seen  at  the  outcrop  at 
Urblereagh,  near  Portrush,  is  shown  in  Fig.  23. 

Pisolitic  Ore.  The  thickness  of  the  pisolitic  ore  varies 
sometimes  very  abruptly.  Where  it  is  very  thin,  or  has  dis- 
appeared altogether,  it  is  said  to  have  had  a  "  squeeze." 

Particulars  of  the  thickness  at  various  places  fare  given 
below : — 

Thickness  of  Pisolitic  Ore. 


la. 

Ft.  in. 

Ft. 

in. 

Parkmore 

•  •  ■ 

■  •  • 

•  •  • 

4 

to 

2     0 

average 

1 

O 

Mount  Cashel 

•  •  • 

•  •  • 

4 

tt 

3  10 

tt 

I 

3 

Newton  Crommelin 

•  •  • 

6 

ti 

3    6 

if 

2 

0  (nearly). 

Ballylig 

•  •  • 

•  •  • 

■  •  ■ 

4 

if 

2    0 

a 

I 

2 

Duneany 

•  •  • 

•  •  • 

•  •  • 

6 

tt 

1    6 

n 

I 

0 

Lyle  Hill 

•  •  • 

a  ■  a 

•  *• 

6 

it 

1    6 

tt 

I 

0 

Glen  an  ff 

•  ■  • 

•  •  • 

•  •  • 

6 

tt 

2    6 

11 

I 

6 

Cargan 

•  »• 

•  •• 

•  •■ 

6 

» 

2    0 

91 

1 

6 
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Sometimes  the  bed  is  absent  over  large  areas.  In  other 
parts  it  js  indurated  by  intrusive  dykes.  In  certain  areas  it 
has  an  amorphous  character,  no  pea-like  bodies  in  it  at  all, 
as  at  Urblereagh,  near  Portrush.  There,  a  quantity  of  fossil 
wood,  belonging  to  a  species  allied  to  the  yew,  has  been 
found,  the  vegetable  tissue  being  replaced  by  limonite.  The 
bed  everywhere  contains  fewer  nodules  than  usual.  At  Balli- 
pallidy,  plant  remains  of  the  genera  Pinus,  Sequoia,  Cupressites, 
Plantanus,  etc.,  have  been  found  in  the  thin  clayey  bands 
associated  with  the  ore. 

The  dip  of  the  beds  is,  like  that  of  the  basalt,  generally  to 
the  south  at  low  angles.    At  Parkmore,  for  example,  the  dip 


Fig.  23. — Section  at  Urblereagh. 


is  south,  from  1  in  30  to  1  in  60.  At  Mount  Cashel  it  is  in 
the  same  direction,  at  about  1  in  24. 

The  extent  of  the  pisolitic  ore  and  its  accompanying  bole 
and  lithomarge  is  not  accurately  known,  but  they  may  be  taken 
to  cover  about  800  square  miles,  although  they  do  not  occur 
everywhere  within  the  basaltic  area,  in  many  places  having 
been  removed  by  denudation,  being  found  in  the  hills  but 
absent  in  the  intervening  valleys.  The  breach  of  continuity 
thus  brought  about  is  further  increased  by  faults  and  dykes 
traversing  the  basalt.  Some  of  these  will  doubtless  prevent 
much  of  the  ore  from  being  worked. 

The  quality  of  the  pisolitic  ore  is  good,  although  it  varies 
much  in  different  parts  of  the  district,  the  aluminous  matrix 


26o 


THE  IRON   ORES  OF  IRELAND. 


being  more  abundant  in  some  parts  than  others.  As  sent  to 
the  market  it  will  yield  from  36  to  45  per  cent,  of  metallic  iron. 
Its  composition  is  shown  by  the  following  analyses : — 


Constituents.              Glenariff. 

1 

Glenariff. 

Cargan. 

Broug- 
shane. 

Knock- 
boy. 

6370 

630 

1275 

•IO 

05 

•06. 

•02 

4-60 

1270 

Peroxide  of  iron 
Protoxide  „    ,, 

„        „  manganese 
oiiica    ■••         *«•          ... 
Alumina          

Magnesia 
Phosphoric  acid 

Sulphur           

Titanic  acid     

„      hygroscopic     ... 

62-43 

475 
•28 

840 

10-19 

280 

•59 

1-88 
848 

7164 

1-88 

•27 

505 

4-25 

•81 

•61 

•20 

889 

6-40 

66-56 

•II 

5'47 
792 

•68 

16 

trace 

•03 

3-68 

H'34 

6542 

trace 

7-08 

1254 

•20 

•08 

•02 

trace 

5*28 

8-82 

Total ,    99*80 

100*00 

9895 

9944 
4599 

100*28 

Metallic  iron 47 '40 

1 

5I-58 

46*61 

4460 

The  specific  gravity  of  the  pisolitic  ore  varies  from  3*34  to 
3 '45  taken  generally,  but  there  are  some  parts  of  it,  in  which 
the  pea  like  bodies  are  more  numerous  and  apparently  fused 
together,  which  have  a  specific  gravity  of  3^5  8.  The  nodules 
alone  average  about  39.  The  moisture  in  the  bed  ranges 
from  37  to  47  per  cent. 

It  has  several,  times  been  contemplated  to  crush  the  ore 
and  wash  it,  so  as  to  free  the  nodules  from  the  poorer  matrix, 
and  thereby  increase  the  metallic  yield.  In  fact,  one  or  two 
companies  have  attempted  it ;  the  object  being  to  put  the  ore 
into  the  market  solely  for  its  iron,  and  not  simply  as  a  flux, 
for  which  it  has  hitherto  been  mainly  used.  With  the 
haematites  of  Cumberland  and  Lancashire  about  10  per  cent, 
of  the  pisolitic  ore  is  used  for  fluxing  purposes  alone. 

Bole  yields  much  less  iron -than  the  pisolitic  ore,  ranging 
from  20  to  25  per  cent.,  but  contains  a  larger  quantity  of 
alumina.    The  ratio  of  the  alumina  to  the  silica  is  also  higher 
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than  in  the  pisolitic  ore.  This  makes  it  valuable  as  a  flux  for 
the  silicious  ores  of  Cumberland  and  Lancashire,  and  will  no 
doubt  always  keep  down  the  price  of  the  pisolitic  ore,  which 
is  used  by  preference  only,  because  the  unit  price  of  the  iron 
compares  favourably  with  that  of  haematite.  The  demand  for 
bole  at  present  (1890)  is,  however,  not  large,  on  account  of  the 
relatively  low  price  of  pisolitic  ore ;  the  consequence  is  that 
a  large  quantity  of  the  bole,  worked  to  make  height  in  the 
"  horse  "  or  "  hutch  "  roads,  has  to  be  stowed  away  in  the  old 
workings. 

The  following  are  analyses  of  samples  taken  chiefly  from 
the  bole,  but  having  a  larger  or  smaller  admixture  of  the 
pisolitic  ore: — 


Constituents. 

Lyle  Hill. 

Glenariff. 

Glenarm. ,    Tully. 

Peroxide  of  iron           

Oxide  of  manganese    

oiuca       ...         .  • .         ...         ••• 
Alumina            ...         ...         ,.. 

LJlUC                . ..                     ...                     ...                    .a. 

Magnesia           ...         ... 

Phosphoric  acid           

Sulphuric  acid              

Titanic  acid       

Water  of  combination 

Dried  at 

aia°  Fahr. 

46*40 

06 

562 

27-44 

•50 

trace 

•03 

■07 

155 

1862 

3593 
•11 

I2'20 

36*50 

0*53 
I-4I 

10-23 

3334 

378 
4I-I3 

'21 

'97 
04 

trace 

5*3i 
1555 

45-5o 

trace 

400 

35-5o 

35 

"""" 

200 
1265 

Total             ...        ... 

100*29 

96*91 

10033 

9990 

Metallic  iron      

1 32'40 

2515 

23*34 

31-85 

Lithomarge.  The  yield  of  iron  by  lithomarge  is  too 
small  to  render  it  of  any  value  in  ironmaking  except  as  a  flux. 
It  has,  however,  been  used  frequently  in  that  way,  although 
it  is  not  so  valuable  as  bole,  because  the  percentages  of  alumina 


1  The  raw  ore  contains  29*23  per  cent,  of  metallic  iron  and  10  per 
cent,  of  moisture.  Taking  this  bed  generally,  the  moisture  varies  from 
10  to  17  per  cent.,  and  the  specific  gravity  from  2*6  to  2*87. 
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and  silica  are  more  nearly  equal  in  lithomarge  than  in  bole. 
Its  composition  is  shown  by  the  following  analyses  : — 


Peroxide  of  iron 

Silica 

Alumina 

Lime 

Magnesia 

Potash 

Water 

Total 

Metallic  iron 


No.  z. 

No.  3. 

6-6i 

25-05 

•      4975 

3070 

.      2988 

27-05 

•43  \ 
147/     '" 

I'll 

.        6-35 

— 

.        5-48 

1585 

.      9997 

9976 

4*62 

1753 

The  nodules  of  basalt  included  in  the  bole  and  lithomarge 
are  very  curious.  The  centre  of  the  nodules  consists  of  com- 
pact basalt,  which  gradually  and  by  concretionary  layers  passes 
into  either  bole  or  lithomarge. 


CHAPTER  IX. 
SOME  OF  THE  IRON  ORES  OF  SPAIN. 

Introduction. 

SPAIN  cannot  be  called  an  iron-making  country,  neverthe- 
less it  contains  enormous  quantities  of  excellent  iron  ore 
of  various  kinds.  These,  although  not  much  used  at  home, 
have  for  the  last  twenty  years  been  exported  in  increasing 
quantities  to  different  quarters  of  the  globe.  Some  iron  and 
steel  are  made  at  Bilbao  and  in  the  Asturias,  but  very  little 
compared  with  that  produced  in  other  countries  from  the 
exported  ores  of  Spain. 

For  obvious  reasons  the  ores  hitherto  worked  occur  within 
a  few  miles  of  the  sea.  On  the  north  coast,  along  the  Canta- 
brian  range  of  mountains,  iron  ore  has  been  worked  more  or 
less  extensively  in  the  provinces  of  Navarra,  Guipuzcoa, 
Vizcaya,  Santander,  and  Oviedo.  Along  the  southern  coast  it 
has  mainly  been  obtained  from  the  provinces  of  Sevilla,  Malaga, 
Almeria,  and  Murcia.  Small  quantities  have  also  been  pro- 
duced by  some  of  the  interior  provinces,  such  as  Ciudad  Real 
and  Badajoz,  but  these  ores  have  not  as  yet  attained  any 
commercial  importance. 

,  The  deposits  which  it  is  intended  more  particularly  to 
describe  are  those  occurring  in  the  provinces  of  Vizcaya  and 
Santander,  in  the  north,  and  in  the  province  of  Malaga,  in  the 
south.  In  these  are  found  all  the  various  descriptions  of  ore 
used  in  the  manufacture  of  Bessemer  iron,  such  as  siderite, 
limonite,  haematite,  and  magnetite,  and  they  are  all  of  excellent 

quality. 
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The  commercial  importance  of  the  Vizcayan  ores  will  be 

gathered  from  the  following  table  of  output,  mainly  from  that 
province,  but  partly  from  that  of  Santander,  between  1861  and 
1890. 

Year.  Tons. 

1861      ...         ...         ...          ...          ...         ...  54t°°° 

I  o02      ...           ...           ...           ...           ...           ...  OQpOOO 

1863 70,000 

1864      ...           . ..           >«.           ...           ...           ••>  Ho}500 

1865 100,700 

1866     ...        ...        ...        ...        ...        ...  9°tS°° 

1867 134,000 

1000  ...         ...         ...         ...         ...         ...  152,000 

1869 162,000 

1870 246,400 

1871      ...         ...         ...         •••         •••         •>>  268,500 

1 072     ...         ...         ...         ...         ...         ...  423*000 

1873 386,000 l 

1 074  •••         •••         •••         *■•         •••         *••  47*7^^ 

1075  •••         •••         •••         •••         •••         •••  32*35^ 

1876     ...         ...  390,000* 

1877  ...        ...         ...         ...         ...         ...  862,000 

1878  ...         ...         ...         ...         ...         ...  '1,224,730 

1879  ...         1,117,836 

1880  ...        ...         ...         ...         ...         ...  2,345,000 

1001  ...            ...            ...            ...             •  •            ...  ^,  j^^fSj2 

ioo2    ...        ...        ...        ...        ...        ...  3?*o5>^^^ 

■'OOj        ...              ...              ...              ...              •••              ...  <,OZy.ySZ 

I884        ...             ...            ....              ...              ...              ...  3*2l6,32I 

1 005     ...        ...        ...        ...        ...        ...  3»3''»4'9 

1886     ...        ...        ...        ...        ...        ...  3»  185*228 

1 007     ...         •*.        ...        ...         ...         ...  4i  1 70*422 

1 000     ...        ...        ...        ...        ...        ...  3»59 1*637 

I009     •*•        *■*        **■ .      ***        •••        •••  3i^^5i 

1090    ...        ...        ...        ...        ...        ...  4*272,91^ 

For  the  last  eight  years  the  production  has  been  equal  to 
the  combined  yield  of  Furness  and   Cumberland,  and   the 

greatest  part  of  it  has  come  to  the  British  Isles. 

1  Carlist  war  began  in  July. 

2  Carlist  war  ended  in  March 
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Provinces  of  Vizcaya  and  Santander  (part  of). 

Literature. 

The  only  papers  that  have  come  under  the  writer's  notice 
dealing  with  the  subject  under  consideration  at  any  length  in 
this  area,  are  the  following : — 

1.  "  Criaderos  de  hierro  de  Somorrostro,"  by  Ramon  Adan 
de  Yarza.  Published  1876  in  the  Boktinde  le  Comision 
del  Mapa  Geologico  de  EspaHa. 

2.  "On  the  Somorrostro  Mines,"  by  E.  Bourson.     Revue 

UniverseUe,  vol.  iv. 

3.  "  On  the  Deposits  of  Iron  Ore  occurring  in  Spain,"  by  G. 

Prus.    Le  Glnie  Civil,  vol.  v.,  p.  145. 

4.  "  Criaderos  de  hierro  de  Vizcaya,"  by  Ignacio  Goenaga. 
Revista  Mineray  Metalurgica^  Series  C,  vol.  i.,  1883. 

5.  "  The  Iron  Ores  of  Spain,"  by  J.  D.  Kendall.  Trans- 
actions of  the  Federated  Institute  of  Mining  Engineers, 
vol.  iii.,  1891-92. 

Physical  Features. 

These  provinces  are  situate  on  the  northern  slopes  of  the 
Cantabrian  Range  along  the  shore  of  the  Bay  of  Biscay.  The 
ground  is  mostly  hilly,  or  mountainous,  there  being  very  little 
flat  or  low-lying  ground  even  along  the  seashore.  The 
mountains  are  very  regular  in  outline,  and  the  foothills  fre- 
quently cone-shaped,  giving  them  the  appearance  of  extinct 
volcanoes.  The  greatest  altitude  reached  is  1,650  feet,  but  the 
highest  point  at  which  ore  has  been  worked  is  about  1,150  feet. 
It  occurs  mainly  at  elevations  ranging  between  600  and  1,100 
feet,  but  in  smaller  quantities,  down  almost  to  the  sea  level. 

Geological  Structure. 

This,  so  far  as  relates  to  the  question  under  discussion,  is 
comparatively  simple.  Stratigraphically,  the  rocks  are  capable 
of  division  into  three  parts,  as  below,  which  are  conformable  to 
one  another  : — 
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i.  Light  grey  shale,  very  calcareous. 

2.  Grey  limestone. 

3.  Dark  micaceous  sandstone  (calcareous). 

The  general  dip  of  the  strata  is  about  north  450  east,  but 
there  are  very  great  variations  both  in  the  direction  and  amount 
of  dip.  These  have  evidently  been  brought  about  by  an 
upheaval  of  the  Cantabrian  chain  in  Tertiary  times. 

The  thickness  of  these  rocks,  except  the  limestone,  is  not 
known,  nor  is  it  necessary  to  our  purpose  that  it  should  be. 
The  limestone,  where  undenuded  and  fully  developed,  may 
be  taken  at  about  250  feet  thick.  All  the  three  formations  are 
fossiliferous,  although  it  is  frequently  very  difficult,  and  at  times 
impossible,  to  ascertain  their  specific  relations.  This  is 
especially  so  in  the  limestone.  The  organic  remains  found  in 
the  grey  shale,  overlying  the  limestone,  include  the  following : 
Turbo  renaiescianus  and  Ostrea  conica.  In  the  limestone  there 
are  species  of  Ostrea^  Requicnia,  Terebratula>  Astraa,  and 
Mandrina.  The  dark  sandstone,  underlying  the  limestone, 
has  yielded  Spharulites  foliaceus,  Caprina  Verneuilli,  Ostrea 
carinata,  Rhynchonella  contorta,  Cidaris  vesiculosa,  Pygaster 
truncates,  and  Pseudodiadema  granulans. 

The  presence  of  these  remains  makes  it  clear  that  the 
rocks  in  which  they  occur  belong  to  the  Cenomanian  division 
of  the  Cretaceous,  somewhere  near  the  position  of  the  upper 
greensand  of  England. 

The  shales  above  the  limestone  are  light  grey  in  colour,  of 
a  nodular  character,  and  contain  a  considerable  amount  of  lime. 

The  sandstones,  under  the  limestone,  are  a  very  dark  grey 
(almost  black  when  wet),  micaceous,  and  much  more  compact 
than  the  shale. 

The  limestone  is  an  ordinary  grey,  compact  stone,  not 
unlike  in  appearance  to  the  carboniferous  limestone  of 
England. 

Ore  Deposits. 

These  occur  exclusively  in  the  limestone,  and  are  therefore 
clearly  limited  in  thickness  or  depth,  at  any  particular  point, 
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by  the  vertical  extent  of  that  rock.  This  most  important  fact, 
from  an  economic  standpoint,  does  not  even  yet  appear  to  be 
recognised,  except  by  those  who  have  had  a  geological  training. 
The  consequence  is  that  it  is  not  uncommon  to  hear  the  Bilbao 
deposits  spoken  of  as  "  mountains  of  ore."  This  erroneous 
notion  arises  mainly  from  the  fact  that  the  sides  of  the  moun- 
tains have,  in  places,  the  same  dip  as  the  limestone,  or  as  the 
ore,  where  that  has  entirely  taken  the  place  of  the  limestone. 
Under  such  circumstances  it  is  clear  that  the  whole  face  of  a 
mountain  might  show  ore,  and  seem  to  the  uninitiated  to  be 
a  mountainous  mass  of  mineral,  whereas,  in  reality,  it  would 
simply  be  a  crust  of  ore.  Such  occurrences  are  not  uncommon. 
The  writer  has  seen  them  in  other  parts  of  the  world,  as  well 
as  Spain,  and  they  invariably  suggest  the  same  erroneous 
conclusions  to  those  who  have  had  no  training  in  stratigraphy. 

In  some  cases  the  originally  enclosing  limestone  has  been 
entirely  removed  from  a  deposit,  by  denudation,  but  the  horizon 
can  then  be  fixed  by  the  dark  sandstone  which  invariably 
occurs  below  the  ore. 

The  largest  deposit  of  ore  occurs  on  the  Triano  mountain. 
It  is  about  2  miles  long  by  about  $  of  a  mile  wide,  and  has  a 
maximum  thickness  of  about  220  feet.  Another  large  body  is 
at  Matamoros.  This  is  about  i|  mile  long  by  $  of  a  mile  wide, 
and  ranging  from  1  to  238  feet  in  thickness.  Both  these  ore- 
masses  have  an  irregular  elongated  form,  and  their  longer  axes 
correspond  practically  with  the  strike  of  the  strata,  which  bears 
about  north  450  west  and  south  450  east.  Except  where  inter- 
fered with  by  faults  this  parallelism  of  their  longer  axes  to  the 
strike  of  the  accompanying  rocks  is  a  feature  of  most,  if  not  of 

» 

all,  the  deposits. 

A  number  of  smaller  patches  of  ore  occur  in  the  neighbour- 
hood of  Bilbao,  £1  Regato,  and  Galdames,  as  well  as  at  Dicido 
and  elsewhere  in  Santander. 

The  ores  yielded  by  these  deposits  are  chiefly  limonite,  but 
there  is  also  a  considerable  quantity  of  haematite,  and  some 
siderite  or  spathic  ore.  The  local  names  of  these  ores  are  as 
follows  ; — Siderite  =  siderosa  or  carbonate  de  hierro ;  limonite 
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=  rubio ;  haematite  =  campam'I  and  vena.  We  also  meet  with 
such  names  as  vena  acampanilada,  vena  rubiada,  or  rubio 
avenado\  which  are  intended  to  describe,  and,  in  fact,  do 
describe,  the  compound  character  of  the  ores  to  which  they  are 
applied. 

Siderite  or  Siderosa,  This  ore  is  met  with  almost 
exclusively  at  or  near  the  base  of  the  limonite  and  haematite 
deposits,  mostly  as  kernels  or  nuclei  of  those  ores.  It  does  not, 
however,  always  appear  in  this  form.  Sometimes  it  is  seen  in 
large  masses,  under  rubio,  in  which  decomposition  has  not  yet 
begun  to  operate.  Where  the  ore  adjoins  limestone  there  is 
a  regular  transition  from  one  mineral  to  the  other.  The  colour 
of  the  ore  is  white  or  grey.  Its  quality  is  shown  by  the 
subjoined  analyses: — 


No.  i. 

No.  2. 

Ferrous  oxide       

•  •  • 

— - 

•  •  • 

5018 

remc        I,            . .«         .  •• 

•  •  ■ 

— 

•  •  • 

5"3i 

Carbonate  of  iron 

•  ■  • 

91-62 

•  •  • 

— 

„         of  manganese 

•  •  ■ 

2-36 

•  •  • 

— 

Manganous  oxide 

•  •  • 

— 

•  ■  • 

I '00 

oiiica          . ..         . ..         ... 

•  •  • 

450 

•  •  * 

3*60 

Magnesia   ... 

•    ■  V 

— 

•  •  • 

3-21 

Carbonate  of  lime 

• 

•  •  • 

i*6o 

•  •  • 

— 

X*lUlw                    •••                •*•                ••• 

•  •  • 

— 

•  •  • 

•87 

Sulphur      

■  •  • 

— 

»  •  • 

trace 

Phosphorus           

•  •  « 

— 

•  •  • 

— 

Water  and  carbonic  acid 

•  *  • 

•  •  • 

•  •  • 

— 

•  •  • 

•  ■  • 

•  •  ■ 

3628 

x ocai  ...         ...         ... 

1 00*08 

10045 

Metallic  iron         

44*23 

4396 

Specific  gravity  ... 

•  •• 

3*6   to 

37 

As  the  more  easily  worked  limonite  and  haematite  become 
exhausted  no  doubt  this  ore  will  have  to  be  attacked,  but  at 
present  it  is  neglected. 

Limonite  or  Rubio.  This  is  the  most  abundant  ore  in 
the  two  provinces,  and  some  of  the  finest  mines— or  quarries 
rather  (for  there  are  no  mines  proper  in  the  Bilbao  district) — 
are  working  it;  among  these  may  be  mentioned  the  Orconera  and 
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the  Conchas  quarries.  The  ore  has  mostly  the  cellular  and  con- 
cretionary character,  so  familiar  to  those  who  are  acquainted 
with  the  Northamptonshire  ores,  although  in  places  it  is  quite 
compact  and  bedded.  This  latter  character  mostly  happens 
near  the  base  of  a  deposit.  The  cells  frequently  contain  a 
large  amount  of  sand  and  clay — up  to  one-third  (by  volume) 
of  the  ore — especially  near  the  surface  ;  and  this  is  mainly  the 
reason  of  the  higher  percentage  of  silica  which  analyses  of  this 
ore  frequently  exhibit  as  compared  with  those  of  campanil  or 
vena,  for  it  is  not  possible  to  separate  the  extraneous  silicious 
material,  entirely,  in  the  ordinary  operations  of  working.  The 
colour  of  the  ore  is  yellow  and  brown.  Its  quality  is  shown  by 
the  following  analyses,  which  are  of  samples  dried  at  2120 
Fahr. : — 


Constituents. 

Ocronera 
(cellular). 

1  Concha 
(cellular). 

Anita 
(cellular). 

Josefa 
(compact). 

Ferric  oxide 

Manganous  oxide          

Alumina  ...        ...         ... 

ImIDC             ...              ...              ...              ... 

Magnesia            ...        ...        ... 

0  111  Cn           ...             ...             ...              ... 

Sulphuric  acid 

Phosphoric .,      ... 

Water  (combined)        

7996 

•70 

I -44 

i-oo 

•55 
810 

'IO 

•03 

825 

7829 
74 

i'i5 

•50 

•02 

880 
•05 

02 

1055 

7852 

•55 
I'OO 

•31 
798 

•02 

•06 

u-8o 

8030 

•92 

2.82 

•72 

•40 

5*42 

24 
trace 

9*12 

X  Oval                  ...             ...             ... 

100-13 

100*12 

100*24 

99*94 

Metallic  iron       

5462 

5480 

5496 

5621 

The  specific  gravity  of  the  cellular  ore  is  about  2*9,  and  of 
the  compact  ore  3*5.  This  difference  arises  from  the  more 
porous  nature  of  the  cellular  ore. 

Haematite,  or  Campanil  and  Vena. — Two  kinds  of 
haematite  are  found  in  these  mines  :  (1)  campanil,  of  a  reddish 
colour,  fairly  compact,  and  presenting  very  frequently  the 
characteristic  fracture  of  siderite ;  and  (2)  vena,  of  a  dark 
bluish  purple,  inclined  to  be  powdery,  and  to  fall  away  on 
exposure  to  the  air.     It  is  then  known  as  vena  duke ;  when 
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harder  it  is  spoken  of  as  vena  dura.  Both  companil  and  vena 
are  very  porous,  and  frequently  contain  a  mechanical  admixture 
of  lime,  which,  on  examination  under  the  microscope,  is  seen 
to  fill  the  minute  cavities  which  exist  in  the  ore.  Their 
quality  is  indicated  by  the  analyses  below  : — 


Constituents. 

Vena. 

Campanil. 

Peroxide  of  iron           

Oxide  of  manganese 

onica      . . .         . . .         ...         ... 

Alumina            ...        ... 

J_»lmG          ■••            ...             ...            ... 

Magnesia           ...        ... 

Sulphur ...         ...         ... 

Phosphorus       

Water  and  carbonic  acid 

9070 
1-30 
105 

•15 

I'OO 

•02 
•03 

5'40 

9170 
70 

I*20 

•50 
•IO 
•07 
•02 
5-40 

84*00 
1*90 
3-20 

460 

trace 
6*oo 

1 

78*03  ! 

•86    j 

591 
•21     1 

3'6i     , 

1  65 
trace 
trace 

9-60 

Total 1    99*65 

9969 

9970 

9987 

Metallic  iron      ...        

6349 

64-19 

5880 

54-62 

The  apparent  specific  gravity  of  vena  varies  from  3*1  to  35, 
and  of  campanil  from  3*38  to  4.  Both,  as  already  mentioned, 
are  exceedingly  porous,  and  they  absorb  a  large  amount  of 
moisture ;  but  vena  is  the  more  porous,  and  it  is  owing  to  that 
fact  that  its  apparent  specific  gravity  is  less  than  that  of 
campanil,  although  its  metallic  yield  is  greater. 

Campanil  is  confined  to  a  small  area  on  the  Triano 
mountain.  Immediately  outside  this  area  is  a  mixture  of 
campanil  and  vena,  but  the  latter  also  occurs,  more  or  less 
abundantly,  in  the  Triano  ore  mass  generally  (which  is  about 
half  rubio),  as  well  as  in  most  of  the  deposits  of  rubio  in  other 
parts  of  the  district.  Campanil  may  sometimes  be  seen  form- 
ing nuclei  in  rubio.  It  contains  innumerable  loughs,  up  to 
3  or  4  inches  diameter,  and  occasionally  as  much  as  12  or  24 
inches.  In  some  cases  they  are  of  an  elongated  form  and 
parallel  to  the  bedding.  These  loughs  are,  as  a  rule,  lined 
with  either  crystals  of  calcite  or  siderite.  Often  the  ore  varies 
considerably  in  hardness,  and  in  an  irregular  manner. 
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Forms  of  the  Deposits. — To  any  one  who  has  been 
accustomed  to  work  among  the  haematites  of  Whitehaven  and 
Furness  these  Vizcayan  deposits  appear  exceedingly  simple, 
for  they  are  practically  all  on  the  same  geological  horizon,  a 
circumstance  which  adds  materially  to  a  ready  comprehension 
of  them,  whilst  at  the  same  time  it  reduces  the  risk  of  the 
adventurer  to  a  minimum.  Further,  the  deposits  are  mostly 
bed-like  in  form,  notwithstanding  the  fact  that,  in  some  cases 
from  the  effects  of  faulting,  they  seem  to  be  vein-like.  For 
instance,  the  deposit  worked  by  the  Anita  mine,  near  Dicido, 
in  Santander,  has  quite  the  appearance  of  a  vein  when  viewed 
in  section.  The  length  of  the  southern  part  of  the  deposit  is 
about  1,200  feet,  its  breadth  from  50  to  95  feet ;  and  at  the 
time  of  the  writer's  last  visit  it  had  been  proved  to  a  depth  of 
120  feet,  so  that  it  might  easily  be  mistaken  for  a  true  vein  by 
any  one  unfamiliar  with  the  stratigraphy  of  the  district 

The  relation  of  the  deposits  to  the  underlying  dark  sand- 
stone is  very  well  seen  at  the  Josefa  mine,  near  Bilbao,  when 
looking  southward  from  the  northern  end  of  the  tunnel  on  the 
railway  between  Bilbao  and  Durango.  At  the  southern  end 
of  this  tunnel  an  interesting  section  shows  the  limestone  and 
ore  (rubio)  in  juxtaposition. 

The  relation  of  the  ore  to  the  overlying  shale  is  best  seen  on 
the  Triano  mountain,  in  the  San  Miguel  and  Begona  quarries. 
The  ore  (campanil),  which  attains  a  thickness  of  about  220  feet, 
is  overlain  by  grey  shales.  It  is  only  here,  in  fact,  where  the 
campanil  occurs,  that  this  covering  up  of  the  ore  by  solid  rock 
can  be  seen ;  in  every  other  part  of  the  district  the  deposits 
appear  with  a  denuded  top,  and  are  either  exposed  to  "  day  " 
or  simply  covered  by  a  thin  surface  accumulation  of  sand  and 
gravel.  Indeed,  the  shales  do  not  cover  the  whole  of  the 
campanil  even,  but  where  they  have  been  removed  the  upper 
part  of  the  ore  has  been  converted  into  rubio,  unless  it  be 
covered  by  limestone,  as  in  the  Aurora  mine.  In  the  latter 
case,  and  also  when  the  overlying  shale  is  present,  the  ore  has 
mostly  the  campanil  character  throughout.  Viewed  horizon- 
tally, the  deposits  are  very  irregular  in  outline,  and,  as  already 
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pointed  out,  their  longer  axes  correspond  with  the  strike  of  the 
strata ;  but  the  irregularities  in  their  form  have  been  mainly 
determined  by  the  two  sets  of  vertical  jointing  in  the  lime- 
stone. 

Inner  Nature  of  Deposits.  In  the  rubio  deposits — that 
is,  the  ore  that  has  been  most  altered  by  weathering — the  original 
character  has  almost  disappeared.  Some  contain  only  a  few 
nodules  of  siderite  near  the  base,  others  none,  but  there  are 
deposits  that  contain  a  large  quantity  of  this  ore  in  the  lower 
parts. 

A  feature  of  the  rubio  deposits  is  the  occurrence  of  nume- 
rous clay  "  backs  "  in  the  ore,  similar  to  those  met  with  in 
the  ores  of  Northamptonshire  and  Rutlandshire.  These  clay 
"  backs  "  occur  in  lines  parallel  to  the  vertical  jointing  in  the 
limestone,  and  have  doubtless  been  introduced,  at  a  compara- 
tively recent  date,  into  vertical  cavities  in  the  ore,  produced, 
by  the  shrinkage  thereof,  along  certain  divisional  planes, 
during  the  alteration  from  siderite  to  limonite.  The  ore 
adjoining  these  masses  of  clay  partakes  largely  of  the  character 
of  vena. 

In  the  campanil  deposits  we  see  many  things  to  remind  us 
strongly  of  the  haematites  of  Whitehaven  and  Furness.  First 
among  these  are  the  large  irregular  masses  of  limestone 
interbedded  with  the  ore,  as  seen  in  the  San  Miguel  mine  or 
quarry.  The  same  sort  of  thing  could  also  be  witnessed,  some 
time  ago,  in  the  Begona,  Caesar,  Marquesa,  Aurora,  and  other 
quarries  in  the  same  neighbourhood.  A  very  interesting 
section  of  this  nature  was  exposed,  a  few  years  ago,  in  the 
Caesar  mine.  The  dip  of  the  interbedded  limestone,  as  also  of 
the  partings  in  the  ore,  corresponded  exactly  with  that  of  the 
limestone  beds  outside  the  ore  mass. 

Kernels  of  siderite  occur  in  the  campanil  near  the  base, 
and  here  and  there,  at  all  levels,  masses  of  brown  silicious 
stone,  which  shade  off  gradually  in  all  directions  into  the  ore. 
Vena  and  rubio  are  also  met  with  in  campanil,  but  not  in  great 
quantity  until  we  get  into  that  part  of  the  deposit  which  is 
uncovered  by  either  limestone  or  shale. 
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So  far  as  the  writer  is  aware  no  organic  remains  have  been 
found  in  the  ore. 

Province  of  Malaga  (Part  of). 

Although  this  district  has  not  attained  the  same  importance 
commercially  as  that  portion  of  Vizcaya-and  Santander  which 
has  been  dealt  with  above,  yet  it  is  most  interesting  from  a 
scientific  point  of  view.  It  would  no  doubt  soon  be  better 
known  to  the  iron  world  than  it  is  were  it  more  opened  up  by 
railways,  for  there  are  some  magnificent  deposits  of  excellent 
ore  that  have  not  yet  been  touched,  and  that  only  need  rail- 
ways to  render  them  available  for  immediate  use. 

Literature. 

1.  "  The  Deposit  of  Iron  Ore  at  Marbella,"  by  W.  M.  Vivian. 

Transactions  of  the  South  Wales  Institute  of  Engineers^ 
vol.  xiv.,  pp.  48-52. 

2.  "The  Iron  Ores  of  Spain,"  by  J.  D.  Kendall.  Trans- 
actions of  the  Federated  Institute  of  Mining  Engineers , 
vol.  iii.,  1 89 1 -2. 

Physical  Features. 

The  area  now  to  be  considered  forms  part  of  the  moun- 
tainous region  known  as  the  Serrania  de  Ronda,  and  extends 
from  the  shore  of  the  Mediterranean  Sea  to  an  altitude  of 
about  6,400  feet.  Excepting  a  narrow  slip  along  the  sea  coast 
the  ground  is  entirely  mountainous,  and  much  of  it  quite  bare 
of  vegetation. 

Geological  Structure. 

All  the  rocks  met  with  in  the  area  with  which  we  are  more 
particularly  concerned  belong  to  the  Archaean  age,  and  consist 
of  dolomite,  gneiss,  amphibolite,  mica-schist,  and  serpentine. 
As  is  usual  with  rocks  of  this  class,  the  strata  are  much  con- 
torted, and  frequently  assume  very  high  angles. 

Ore  Deposits. 

The  principal  ore  of  iron  found  in  this  region  is  magnetic 
(hierro  magnetico).     Its  quality  is  excellent,  as  will  be  seen  on 
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reference  to  the  following  analyses  of  ore  from  three  different 
parts  of  the  area : — 

No.  3. 
59"43 
2417 

'22 

713 
2-46 

•44 

541 

•07 

•02 
•69 


No.  1. 

No.  2. 

Peroxide  of  iron     . . . 

•  •  • 

68-04 

70*40 

Protoxide  of  iron  ... 

••• 

21'37 

21*96 

Oxide  of  manganese 

•  •  • 

1*40 

trace 

Silica           

•  •  • 

2'6o 

0*30 

Alumina      

•  •  • 

342 

1*50 

Lime            ...         ... 

•  •  ■ 

•20 

trace 

Magnesia    

•  ■  • 

118 

3-36 

Sulphur      

•  •  • 

•04 

04 

Phosphoric  acid     ... 

•  ■  • 

•OI 

— 

Water  and  carbonic  acid 

•  •  • 

•  •  • 

•  •• 

174 

244 

Total    ... 

IOO'OO 

IOO'OO 

Metallic  iron 

6425 

66*16 

100*04 


60*40 

Its  colour  is  black,  and  its  specific  gravity  varies  from  4*34 
to  4*9.  When  pure  the  ore  is  quite  opaque,  as  viewed  under 
the  microscope,  but  when  somewhat  mixed  with  country  rock 
it  has  an  entirely  different  appearance,  being  broken  up  in  an 
irregular  manner,  by  hornblende,  etc. 

Form  of  the  Deposits.— These  deposits  of  magnetite 
usually  present  the  form  of  bedded  veins,  mostly  with  high 
angles,  but  sometimes  their  inclination  is  not  very  great.  A 
deposit  of  this  description  occurs  about  four  miles  north-west 
of  Estapona.  The  roof  or  hanging  wall  is  dolomite,  and  the 
line  of  contact  between  the  ore  and  roof-rock  very  irregular. 
The  sole  or  lying  wall  is  serpentine.  When  viewed  in  vertical 
section  the  deposit  has  exactly  the  appearance  of  the  haematite 
deposits  in  the  bottom  limestone  of  the  Whitehaven  district — 
the  roof  being  irregular  in  form,  the  sole  quite  regular.  The 
deposit  on  this  account  varies  greatly  and  suddenly  in  thickness 
and  towards  the  rise  disappears  altogether,  the  dolomite  resting 
on  the  serpentine.  Where  the  ore  and  dolomite  join,  the  two 
minerals  are  very  intimately  united,  fine  strings  of  ore  running 
into  the  limestone,  and  vice  versd ;  whereas  the  junction  between 
the  magnetite  and  the  serpentine  below  it  is  clear  and  distinct, 
and  forms  a  regular  line,  such  as  we  usually  see  at  the  junction 
of  calcareous  with  silicious  or  aluminous  beds. 
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The  more  usual  mode  in  which  this  ore  occurs  is  as  highly 
inclined  bedded-veins.  A  body  of  splendid  ore  having  this 
form  occurs  at  Robledal,  about  twelve  miles  due  north  of 
San  Pedro  el  Cantara,  at  an  altitude  of  about  4,500  feet. 
The  deposit  has  a  course  about  east  and  west,  and  hades  to 
the  south.  The  hanging  wall  is  of  serpentine,  and  the  lying 
wall  gneiss  with  dolomite.  The  vein  can  be  traced  for  a  con- 
siderable distance  on  the  surface,  but  has  not  yet  been 
sufficiently  opened  up  to  enable  any  one  to  say  what  may  be  its 
exact  form,  horizontally ;  but  usually  such  deposits  are  found 
to  be  lenticular.  This  is  perhaps  the  universal  experience 
of  deposits,  in  rocks  of  this  age,  in  other  parts  of  the  world  ;  and 
here,  too,  it  is  so,  where  they  have  been  extensively  opened  out, 
as  at  Marbella,  for  instance  ;  and  although  the  extremity  of  the 
ore  there  in  a  south-westerly  direction  has  not  been  reached, 
yet  so  much  as  has  been  proved  is  clearly  of  a  lenticular  form, 
notwithstanding  the  shiftings  caused  by  cross-faulting.  The 
direction  of  that  deposit  is  north-east  and  south-west;  the 
length  already  worked  about  800  feet,  its  greatest  breadth  and 
depth  200  and  420  feet,  respectively.  The  dip  is  in  opposite 
directions  at  its  northern  and  southern  ends,  the  change  taking 
place  at  a  cross-fault  about  midway  in  its  length.  The  hanging 
and  foot  walls  of  the  deposit  consist  mainly  of  amphibolite 
and  mica-schist,  the  latter,  in  places,  showing  beautiful  large 
crystals  of  biotite.  These  rocks  include,  here  and  there,  len- 
ticular masses  of  dolomite.  Similar  masses  of  the  same  stone 
are  occasionally  met  with  between  the  ore  and  wail  rock.  The 
junction  between  the  ore  and  dolomite  is  invariably  very 
complicated,  the  two  minerals  frequently  running  into  one 
another  in  threads,  veins,  and  irregular  masses,  as  is  the  case 
at  the  junctions  of  haematite  and  limestone  in  the  deposits  of 
West  Cumberland  and  Furness. 

Lenticular  masses  of  amphibolite  or  other  similar  rock  are 
frequently  met  with  in  the  ore.  Some  little  pyrite,  chalcopyrite 
and  also  pyrrhotite  are  found  in  association  with  the  magnetite, 
but  not  sufficient  hitherto  to  interfere  in  any  way  with  its 
commercial  value. 
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CHAPTER  I. 
AGE  OF  THE  DEPOSITS. 

IN  approaching  this  subject  we  are  struck  by  the  curious 
fact  that  haematite  does  not  exist  in  rocks  younger  than  the 
Trias.  It  follows,  therefore,  that  all  haematite,  unless  it  be  an 
alteration  product,  must  be  as  old  as  the  Triassic  rocks.  We 
hope  to  be  able  to  fix  the  age  nearer  than  this,  however,  after 
an  examination,  with  that  object  in  view,  of  some  of  the  facts 
presented  by 

The  Hematites  of  West  Cumberland  and  Furness. 

Prior  to  the  publication  of  the  authors'  papers  on  these  de- 
posits, more  had  been  written  on  this  question  than  on  any  other 
connected  with  the  deposits.  So  far  as  the  writer  has  been  able 
to  learn  there  seems  to  be  almost  a  general  agreement,  that 
these  ores  are  older  than  a  great  part  of  the  Permians.  This,  in 
fact,  is  proved  by  the  existence  of  haematite  fragments  in  the 
Lower  Permian  breccia.  But  how  much  older  it  is  than  this 
breccia  is  not  so  easily  answered. 

In  a  paper  on  the  haematite  ores  of  North  Lancashire  and 
Cumberland,  read  before  the  British  Association  at  Leeds  in 
1858,  Professor  Phillips  is  reported  to  have  said,  that  "the 
date  to  which  it  (the  ore)  could  with  most  probability  be  referred 
was  that  of  some  part  of  the  Permian  deposits." 

Professor  Harkness  and  SirRoderick  Murchison,  in  a  paper 
on  the  "  Permian  Rocks  of  the  North- West  of  England  : " *  say, 

1  Quarterly  Journal,  Geological  Society,  1864. 

279 


28o  THE  IRON   ORES  OF  GREAT   BRITAIN. 

"  The  mode  in  which  that  valuable  ore  of  iron,  haematite,  is 
found  in  pre-existing  cavities  of  the  carboniferous  formation 
and  sealed  up  by  ' crab  rock/  is  a  matter  of  great  geological 
interest.  Joints,  fissures,  and  caverns  were  doubtless  formed 
in  the  older  rocks,  antecedent  to  the  deposition  of  the  Permian 
strata,  and  in  these,  the  ores  of  iron,  so  widely  diffused  through- 
out the  Permian  rocks,  have  in  this  portion  of  the  north-western 
region  assumed  the  characters  of  haematite.  This  circumstance 
justifies  the  inference,  that  these  haematite  ores  are  the  result 
of  an  agency  which  ushered  in  the  Permian  epoch. 

"  The  earlier  Permian  rocks  of  both  England  and  Scotland 
are  strongly  impregnated  with  iron,  their  composition  consisting 
principally  of  silica,  and  an  oxide  of  this  metal.  This  latter 
substance  originated  from  the  same  source,  which,  during  the 
commencement  of  the  deposition  of  the  Penrith  sandstones, 
filled  up  the  fissures  in  the  carboniferous  limestone.  This  con- 
clusion is  applicable  not  only  to  the  Ulverston  district,  but 
also  to  that  of  Cleator,  south-west  of  Whitehaven,  where  valu- 
able deposits  of  haematite  are  also  obtained  from  the  cavities 
and  fissures  in  the  carboniferous  limestone,  which,  at  one  time, 
was  here  covered  over  by  an  extension  of  those  Permian 
breccias  and  sandstones  now  forming  an  escarpment,  a  short 
distance  west  from  Cleator  Moor." 

The  writer  saw  reason  to  dispute  the  conclusion  of  these 
authorities,  that  the  crab-rock  of  Furness  was  a  Permian  breccia, 
and  in  a  paper  on  "  The  Haematite  Deposits  of  Whitehaven  and 
Furness  n  Y  said  that,  "  having  carefully  surveyed  the  whole  dis- 
trict, he  believed  this  '  crab-rock '  belonged  to  the  drift  period, 
and  not  to  the  Permian  system  at  all.**  This  conclusion  has  since 
been  supported  by  the  map  of  that  district,  published  by  the 
Geological  Survey.  On  that  map  no  notice  is  taken  of  the 
"  crab-rock,"  but  surely  there  would  have  been,  had  the  sur- 
veyors considered  it  to  belong  either  to  the  Permains,  or  to  any 
other  group  of  rocks  below  the  drift.  This  cl  crab-rock,,,  there- 
fore, affords  no  evidence  whatever  of  the  Permian  age  of  the 

1  Transactions  Manchester  Geological  Society,  1875. 
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haematite;  it  might,  for  anything  this  breccia  proves  to  the 
contrary,  have  been  deposited  during  the  Triassic,  or  even 
during  the  Jurassic  or  Tertiary  period. 

Mr.  £.  W.  Binney,  in  a  paper  entitled  "  A  Glance  at  the 
Geology  of  Low  Furness,  Lancashire,  *  says :  "  The  beds  of 
iron  appear  to  have  been  formed  after  the  carboniferous  lime- 
stone, and  before  the  deposition  of  the  upper  new  red  sand- 
stone." The  same  writer  in  a  paper  "  On  the  Origin  of 
Ironstones,  and  more  particularly  the  newly  discovered  Red 
Stone  at  Ipstones,  near  Cheadle,  Staffordshire,  with  some 
Account  of  the  Ironstones  of  South  Lancashire,"  *  says :  "  The 
position  of  the  bed  of  haematite  at  Ipstones  is  between  the 
upper  part  of  the  rough  rock  and  the  Woodhead  Hill  stone, 
somewhere  near  about  the  position  of  the  nine-inch  seam  of 
coal  in  the  author's  section  of  the  lower  coalfield  of  Lancashire. 
In  other  districts  where  this  little  seam  is  found  (and  it  is  more 
constant  in  its  thickness  over  a  great  distance  than  most  other 
coals)  some  large  deposits  of  carbonate  of  iron  are  met  with 
in  the  shales  above  it,  so  iron  then  appeared  generally  present 
in  the  waters  of  the  carboniferous  sea,  and  the  cause  of  the 
deposit  at  Ipstones  being  preserved  from  being  converted  into 
a  protoxide,  most  probably  arose  from  there  being  a  less  quan- 
tity of  vegetable  matter  in  the  waters  thereabouts  than  had 
been  generally  the  case  during  the  deposition  of  the  carboni- 
ferous strata. " 

Again,  in  a  paper  "  On  the  Age  of  Haematite  Iron  Deposits 
of  Furness,M  read  before  the  above-named  Society,  December 
10th,  1867,  Mr.  Binney  says :  "  When  his  papers  "  (the  two  quoted 
above)  "  were  written,  conclusive  evidence  could  only  be  given 
of  the  age  of  the  haematite  iron  of  Ipstones,  in  Staffordshire, 
which  was  clearly  interstratified  in  the  lower  coal  measures, 
between  the  rough  rock  or  upper  millstone  grit  (of  Professor 
Phillips  and  the  Geological  Survey),  and  the  gannister  coal. 

1  Proceedings  of  the  Manchester  Literary  and  Philosophical  Society, 
1848. 

2  Proceedings  of  the  Manchester  Literary  and  Philosophical  Society, 

"853. 
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Some  years  since,  Mr.  Bolton  of  Swarthmoor,  near  Ulverston, 
showed  him,  amongst  other  fossils,  a  beautiful  specimen  of 
Sigillaria  vascularis,  exhibiting  both  its  external  characters 
and  its  internal  structure,  quite  as  perfect  in  every  respect  as 
the  specimens  found  in  the  gannister  or  hard  coal  at  Halifax, 
or  the  bullion  seam  of  Burnley,  all  converted  into  haematite 
iron.  At  this  time  no  doubt  existed  in  his  mind  of  its  having 
come  from  one  of  the  Furness  iron  mines ;  but  Mr,  Bolton 
could  give  him  no  proof  of  the  exact  locality  where  it  was 
found.n 

Further  on  Mr.  Binney  writes  (when  referring  to  some 
specimens  belonging  to  Miss  E.  Hodgson  of  Ulverston) : 
"  They  do  not  exhibit  their  external  characters  so  well  as  Mr. 
Swainson's  (Mr.  Bolton's)  specimens  do,  but  one  is  a  Stigmaria, 
the  root  of  Sigillaria,  and  another  Lepidodendron,  two  common 
coal  plants,  which  indicate  the  carboniferous  age  of  the  deposits 
in  which  they  are  found  as  clearly  as  any  fossil  organic  remains 
can  do. 

"  There  is  no  doubt  about  Miss  Hodgson's  specimens ;  they 
came  from  the  Water  Blean  mines,  and  plenty  more  may  be 
obtained  from  the  same  place.  They  are  all  converted  into 
good  haematite  iron,  that  substance  having  metallised  them  in 
a  similar  way,  as  we  find  plants  in  the  coal-measures  converted 
into  the  carbonate  of  the  protoxide  of  iron,  or  carbonate  of 
lime."  And  again  :  "  The  discovery  of  common  coal  plants,  not 
only  embedded  in,  but  actually  formed  of,  haematite  iron,  surely 
indicates  the  carboniferous  age  of  the  deposits  in  which  they 
are  now  found  as  clearly  as  it  well  can  be  ;  for  the  plants  must 
have  been  floated  in  with  the  water  which  brought  the  iron, 
or  else  they  must  have  fallen  into  the  cavities  when  such  were 
open  at  the  top,  and  the  iron  was  in  a  soft  state.  Of  course 
the  occurrence  of  such  plants  as  Sigillaria,  Lepidodendron^  and 
Catamites,  occurring  as  they  do  in  beds  from  the  lowest  to  the 
highest  carboniferous  strata,  would  give  little  evidence  of  any 
particular  part  of  that  epoch  ;  but  the  Sigillaria  vascularis^  so 
far  as  yet  known,  is  confined  to  the  lower  coalfield,  not  far  in 
geological  position  from    the   Ipstones   haematite  previously 
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alluded  to,  and  the  valuable  clayband  ironstones  now  wrought 
at  Hazlehead  west  of  Penistone.  The  deposits  of  haematite  in 
Furaess  and  Cumberland,  found  in  hollows  of  the  carboniferous 
limestone,  and  covered  up  by  till,  or  'pinel/  as  it  is  locally 
termed,  or  more  rarely  by  Permian  breccia,  are  so  much  alike 
in  all  their  characters,  that  if  the  origin  and  age  of  one  of  them 
are  clearly  proved,  those  of  the  rest  must  follow  almost  as  a 
necessary  consequence." 

In  the  remarks  that  follow  the  writer  will  largely  employ 
the  arguments  already  advanced  by  him  in  his  paper  on  "  The 
Haematite  Deposits  of  West  Cumberland." 

The  fact  of  haematite  being  interstratified  with  the  lower 
coal-measures  at  Ipstone,  proves  to  Mr.  Binney  that  that  ore, 
at  any  rate,  is  of  lower  coal  measure  age.  The  deposits  of 
Whitehaven  and  Furness  he  supposes  to  be  of  the  same  age, 
from  the  fact  of  a  Sigillaria  vascularis,  converted  into  haematite, 
having  presumably  been  found  in  one  of  the  Furness  deposits. 
But  it  has  been  seen  that  at  Millyeat  a  bed  of  haematite  is 
interstratified  with  the  upper  coal  measures.  Now  that  cannot 
possibly  be  of  lower  coal  measure  age ;  so  that  unless  there 
have  been  two  or  more  periods  of  haematite  deposition  in  these 
districts,  the  other  deposits  found  in  them  are  not  of  lower 
coal  measure  age  either. 

In  tracing  the  physical  history  of  the  Whitehaven  district 
it  is  soon  perceived  that  from  the  commencement  of  the  car- 
boniferous era  to  near  its  close,  there  was  no  great  breach  of 
continuity  in  the  process  of  rock  formation,  but  that  from  the 
bottom  bed  of  limestone  to  the  top  of  what  the  author  calls  the 
lower  coal-measures,  layer  after  layer  was  laid  on  in  uninter- 
rupted conformity.  This  is  proved  by  the  absence  of  over- 
lapping and  the  comparative  regularity  that  prevails  in  the 
thickness  of  the  strata  formed.  The  tilting  and  accompanying 
faulting  of  those  rocks  could  not  therefore  take  place  before 
the  period  of  upheaval  and  denudation,  which  is  marked  by 
the  physical  break  that  occurs  between  the  lower  and  upper 
coal-measures.  This  being  so,  it  follows,  if  the  ore  in  the 
carboniferous    limestone    is    of  lower    coal-measure   age,   as 
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Mr.  Binney  says,  that  these  deposits  must  have  been  intersected 
by  the  faults  alongside  which  they  lie ;  but  is  this  so  ?  In  Fig.  13 
there  are  what  may  be  looked  upon  as  three  distinct  deposits 
of  ore — ^,  e",  *"",  the  two  first  being  on  the  north  side  of  the 
fault  and  the  last  on  the  south. 

Had  these  deposits  been  intersected  by  the  fault — that  is 
to  say,  had  the  ore  existed  there  before  the  fault  was  formed, 
part  of  e'  and  e"  would  have  been  found  on  the  south  side  of  that 
fault,  and  part  of  *""  on  the  north  side  of  it.  But  this  is  not  so ; 
and  therefore  it  follows  that  these  deposits,  at  any  rate,  could 
not  possibly  be  of  lower  coal-measure  age — in  fact,  they  could 
scarcely  have  been  formed  before  the  submergence  which  pre- 
ceded the  deposition  of  the  Whitehaven  sandstone,  so  that 
they  are  probably  of  the  same  age  as  the  Millyeat  ore.  It 
will  thus  be  seen  that  the  deposits  in  both  the  upper  and  lower 
carboniferous  rocks  are  younger  than  they  are  supposed  to  be 
by  Mr.  Binney;  for  what  has  been  proved  of  the  deposits 
shown  in  Fig.  13  is  equally  true  of  all  the  others  in  the  same 
rocks,  although  it  cannot  be  so  directly  demonstrated,  for  the 
simple  reason  that,  in  every  other  case,  so  far  as  the  writer  is 
aware,  the  throw  of  the  fault  is  so  large,  that  either  the  lime- 
stone in  which  the  deposit  occurs  on  one  side  is  thrown  off 
altogether  on  the  other,  or  the  pits  working  the  deposit  on 
one  side  are  not  sufficiently  deep  to  enable  the  corresponding 
horizon  to  be  reached  on  the  other,  or,  if  deep  enough,  are  not 
on  the  right  side  of  the  fault. 

Plate  I.  shows  that  those  east  and  west  faults  which  are  up 
to  the  south  are  early  Permian,  their  last  movement  having 
taken  place  since  the  deposition  of  the  Whitehaven  sandstone. 
The  extent  of  that  movement  has  not  yet  been  ascertained ;  but 
it  is  certainly  over  thirty  fathoms  in  some  cases,  for  the  great 
coal-measure  fault,  passing  through  the  Montreal  mines,  has 
thrown  the  Whitehaven  sandstone  out  altogether  on  the  south. 
The  principal  north  and  south  faults  are  also  of  an  early 
Permian  origin,  but  they  have  had  a  movement  since  the 
deposition  of  the  St.  Bees  sandstone.  In  some  cases  this 
movement  has  amounted  to  60  fathoms.    Now,  since  the  ore 
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was  certainly  deposited  before  this  movement  took  place,  it 
will  be  seen  that  alongside  a  north  and  south  fault  a  deposit 
of  haematite  in  the  same  bed  of  limestone  may  be  very  much 
higher  on  one  side  of  that  fault  than  it  is  on  the  other,  and 
yet  not  be  older  than  the  fault,  but  simply  older  than  the  last 
movement  of  it. 

The  deposits  in  the  granite,  the  Skiddaw  slate,  and  the 
Coniston  limestone  are  doubtless  of  the  same  age  as  those  in 
the  carboniferous  limestone,  although,  at  present,  there  seems 
to  be  no  means  of  proving  it ;  but  it  does  not  appear  likely  that 
there  was  more  than  one  period  of  haematite  deposition. 

Altogether,  it  may  safely  be  considered  that  the  haematite 
of  West  Cumberland  and  Furness  is  older  than  the  lower 
Permian  breccia,  but  younger  than  the  bulk — if  not  the  whole 
— of  the  coal  measures.  The  time  during  which  it  is  possible 
for  the  ore  to  have  been  deposited  is  rendered,  by  the  above 
limitation,  very  small  geologically. 

Mr.  J.  G.  Goodchild,  however,  objects  to  this  conclusion. 
In  a  paper  on  ts  Metalliferous  Deposits  "  he  says,  after  agreeing 
with  the  writer  that  the  deposits  are  products  of  replacement, 
"  From  Mr.  Kendall  I  differ,  in  referring  the  date  of  formation 
of  the  haematite  to  one  later  than  that  of  the  new  red  sand- 
stone, as  I  regard  the  so-called  pebbles  of  haematite  that 
occur  in  many  of  the  new  red  breccias  and  conglomerates, 
notably  those  of  Somerset  and  north-west  England,  simply  as 
pebbles  of  calcareous  matter  which  have  been  subsequently 
converted  into  haematite  by  precisely  the  same  means  as  those 
that  have  converted  the  carboniferous  encrinites."  Mr.  Good- 
child  cannot  be  aware  of  the  character  of  some  of  the  haematite 
pebbles  in  the  Permian  breccia  of  these  districts.  They  are 
quite  rounded  and  smooth,  which  could  scarcely  have  been 
the  case  had  they  been  produced  in  situ,  as  suggested  by  Mr. 
Goodchild.  There  is  not  in  the  writer's  mind  any  doubt  that 
they  have  been  subjected  to  the  wearing  action  of  both  rolling 
and  attrition  since  they  became  haematite. 
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The  Limonites  of  the  Forest  of  Dean  and  South 

Wales. 

Mr.  E.  Rogers,1  in  the  "  Iron  Ores  of  Great  Britain,"  Part 
III.,  considers  the  Mwyndy  deposit  to  be  "  the  lower  bed  of  the 
Permian  series."  This,  although  probably  near  the  age  of  the 
ore,  is  clearly  an  error ;  for  the  deposit  cannot,  now  that  its 
nature  is  better  known,  be  looked  upon  as  a  bed  at  all,  but 
simply  as  an  irregular  deposit  in  the  carboniferous  limestone, 
as  described  in  Part  II. 

The  presence  of  limonite  pebbles  in  the  dolomitic  con- 
glomerate, overlying  some  of  the  South  Wales  deposits,  shows 
that  those  deposits  are  older  than  upper  Trias.  Again,  the 
manner  in  which  the  direction  of  parts  of  the  deposits  are, 
frequently,  influenced  by  the  joints  in  the  carboniferous  lime- 
stone shows  that  the  ore  was  not  deposited  until  the  consolida- 
tion and  jointing  of  that  rock,  that  is,  probably  not  before  the 
close  of  the  carboniferous  period.  These  facts,  taken  in 
conjunction,  render  it  almost  certain  that  the  age  of  the  South 
Wales  deposit  is  Permian.  This  conclusion  may  be  extended 
to  the  Forest  of  Dean  deposits,  although,  in  that  case,  we  have 
not  the  same  evidence  to  enable  us  to  fix  the  later  limit ;  but 
the  two  sets  of  deposits  are  so  much  alike  in  most  respects, 
and  so  near  together,  that  it  is  exceedingly  likely  they  are  of 
the  same  age. 

The  Iron  Ores  of  Cornwall,  Devon,  and  West 

Somerset. 

The  evidence  as  to  age  is  not  very  complete,  but  there  can 
be  very  little  doubt  that  the  ores  of  these  counties  were 
deposited  during  Permian  times.  The  dislocations  along 
which  many  of  them  occur  are  post-carboniferous,  and  there 
are,  in  part  of  the  area  at  least,  fragments  of  limonite,  pre- 
sumably from  these  veins  or  others  formed  at  the  same  time, 
included  in  the  dolomitic  conglomerate  belonging  to  the  upper 
part  of  the  lower  Trias.     Seeing,  moreover,  that  the  Permian 

1  Memoirs  of  the  Geological  Survey,  1861. 
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was  peculiarly  an  age  of  iron,  the  inference  that  these  ores 
were  deposited  at  that  time  is  fairly  warranted 

The  Limonites  and  Siderites  of  Alston  and  Weardale. 

Professor  Warrington  Smyth1  was  of  opinion  that  siderite 
was  being  formed  at  the  present  day,  and  in  proof  thereof  he 
mentioned  the  case  of  an  iron  bar  which  had  been  found  by 
Mr.  Attwood  partly  coated  with  this  ore.  That,  however,  may 
be  perfectly  true,  and  yet  afford  no  clue  whatever  to  the  age 
of  the  deposits  under  consideration.  The  manner  in  which 
"  loffs  "  in  the  ore,  lined  with  fluorite  and  other  minerals,  have 
been  subsequently  filled  with  siderite,  shows  that  this  ore  has 
been  formed  in  a  small  way,  at  any  rate,  since  the  bulk  of  it 
was  deposited ;  but  this  is  not  by  any  means  an  uncommon 
phenomenon  in  ore  deposits  generally,  and  in  all  probability  has 
arisen  from  a  dissolution  and  redeposition  of  some  small  part 
of  the  original  ore  mass. 

These  ores,  as  we  have  seen  in  Part  II.,  occur  alongside 
faults  which  cannot  be  older  than  middle  or  late  Permian, 
since  they  intersect  the  "  Whin  Sill,"  which  is  of  early  Permian 
age.  This  shows  conclusively  that  the  ores  cannot  be  older 
than  middle  Permian,  but  how  much  younger  they  are  is  more 
difficult  to  answer,  in  fact  so  difficult,  from  the  absence  of 
evidence,  that  we  are  compelled  to  stop  at  probability.  For 
aught  that  is  known  to  the  contrary,  these  ores  may  be  of  any 
age  between  Permian  and  recent ;  but  when  it  is  borne  in  mind 
that  the  former  age  was  abnormally  rich  in  ferruginous  pro- 
ducts, there  is  a  strong  inclination  to  fix  upon  that  as  the 
period  in  which  these  deposits  originated. 

The  Argillaceous  Ironstones  of  the  Carboniferous 

Rocks. 

It  is  very  doubtful  whether  these  deposits  were  contempo- 
raneous with  the  shales  in  which  they  are  embedded ;  indeed 
it  is  almost  certain  they  were  not ;  but  there  is  no  evidence 

1  Quarterly  Journal  of  Science,  vol.  v.,  p.  36. 
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to  show  that  they  are  of  any  other  age.  They  may  have  been 
formed  in  carboniferous  times  or  in  any  geological  age  since, 
so  far  as  we  know,  so  little  evidence  have  we  bearing  on  the 
question. 

The  Iron  Ores  of  the  Secondary  Rocks. 

These  ores  are  younger  than  the  rocks  in  which  they  occur, 
but  that  is  practically  all  that  can  be  said  as  to  their  age,  in 
the  present  state  of  knowledge.  To  answer  the  question — 
"  How  much  younger  ?  " — further  evidence  is  needed. 

The  Iron  Ores  of  Antrim. 

Being  interbedded  with  rocks  of  lower  Miocene  age,  but 
formed  subsequently  to  those,  they  must  be  somewhat 
younger;  but  how  much  it  is  not  possible,  in  the  present 
stage,  to  say. 

The  Iron  Ores  of  Spain. 

Little  can  be  said  under  this  head.  We  only  know  that 
the  Vizcayan  deposits  occur  in  rocks  that  are  of  Upper  Cre- 
taceous age,  but  we  have  no  means  of  saying  how  much 
younger  the  ores  are  than  the  rocks  in  which  they  lie.  Only 
one  thing  can  we  be  sure  about,  and  that  is,  they  are  younger. 
The  same  remarks  apply  to  the  archaean  magnetites  of  Malaga. 
They  may  be  very  much  younger  than  the  rocks  in  which  they 
occur,  but  even  geologically  we  cannot  fix  their  relative  ages. 
They  were  certainly  not  contemporaneous  with  the  rocks  in 
which  they  are  intercalated,  as  set  forth  in  at  least  one  im- 
portant text-book.  This  is  proved  conclusively,  by  the  rami- 
fying strings  and  threads  of  ore  which  traverse  the  adjacent 
rocks,  and  vice  versd,  as  well  as  by  the  form  of  such  deposits 
as  that  at  Estapona. 


CHAPTER  II. 
ORIGIN  OF  THE  DEPOSITS. 

ONE  of  the  first  and  most  suggestive  facts  which  arrests 
our  attention  in  the  consideration  of  this  question  is 
the  great  variation  that  exists  in  the  proportions  of  the  several 
rock-forming  minerals  in  ores  from  different  geological  horizons. 
This  fact  is  set  forth  in  the  subjoined  table  of  the  average 
percentage  weights  of  the  more  important  non-metallic  minerals 
usually  associated  with  iron  ores. 


Description  of  Ore. 

Silica. 

Alum- 
ina. 

Lime. 

Mag- 
nesia. 

Average  of 

I.  Limonites  of  the  inferior 

* 

OOIlkC         •■•              •••              ••• 

1239 

613 

2-8l 

1*04 

37  samples. 

2.  Limonites  of  the  lias 

11*29 

8*47 

605 

131 

21 

t» 

3.  Coal-measure  ironstone  ... 

10-99 

502 

285 

2*6 

32 

t* 

4.  Haematite,  West  Cumber- 

lanct         ...          ...         ••• 

9.42 

T25 

1*12 

19 

78 

u 

5.  Haematite,  Furness 

1 1*21 

73 

1*17 

'49 

9 

if 

6.  Limonite,  Forest  of  Dean 

I7'93 

285 

I'9 

•28 

160 

i* 

From  this  table  it  will  be  seen  that  the  proportion  of 
alumina,  lime,  and  magnesia  is  much  less  in  the  ores  found 
in  the  thick  and  comparatively  pure  limestones  of  the  carbon- 
iferous limestone  series  than  in  the  ores  of  the  oolite,  lias,  and 
coal  measures,  which  are  associated  with  huge  masses  of  shale 
and  clay.  The  meaning  of  this  will  be  apparent  when  we  come 
to  consider  the  origin  of  the  different  classes  of  ore.  Let  us 
begin  with 
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The  Hjematites  of  West  Cumberland  and  Furness. 

Various  answers  have  been  given  to  this  question  in  relation 
to  these  districts.     Mr.  Binney,1  in  "  A  Glance  at  the  Geology 
of  Low  Furness,"  says :  "  The  quantity  (of  iron)  in  the  iron 
mines  of  Low  Furness  is  such  as  to  indicate  a  proximity  to 
the  source  whence  it  originated.     It  appears  to  have  been 
thrown  up  by  volcanic  action,  and  then  carried  by  some  means 
into  the  valleys  and  fissures  where  it  is  now  found.     But 
whether  the  iron  was  injected  into  the  places  where  it  is  now 
met  with  through  the  fissures  immediately  below,  or  was  first 
mingled  with  the  waters  of  the  sea  when  they  flowed  through 
the  fissures  and  caverns  of  the  limestone,  and  gradually  filled 
them  up  with  the  metallic  matter  held  partly  in  solution,  as 
Professor  Sedgwick  thinks,  it  is  difficult  to  determine."    Again, 
in  his  paper  on  the  "  Origin  of  Ironstones,"  2  Mr.  Binney  says  : 
"After  examining  the  beds  of  haematite  found  in  the  car- 
boniferous strata  in  regular  beds,  as  in  the  vicinity  of  White- 
haven and  those  at  Ipstones,  no  one  can  doubt  that  they 
had  their  origin  in  volcanic  vents  and  flowed  into  the  waters 
of  the  sea,  where  they  were  deposited,  layer  by  layer,  with  the 
argillaceous  and  silicious  impurities  found    associated  with 
them,  like  any  other  substance  thrown  down  from  suspension. 
This  is  evident  from  the  beautifully  laminated  structure  of  the 
Ipstones  bed." 

Mr.  William  Brockbank,3  in  discussing  this  question,  said : 
"In  the  porphyry  of  Bowfell  there  are  large  veins  of  true 
kidney  haematite  ore,  and  especially  in  the  hollow  or  cleft 
between  its  two  summits.  The  pike  of  Bliscoe  in  Langdale 
is  deeply  veined  with  haematite,  and  the  Red  Tarn  behind 
its  summit  derives  its  name  from  the  haematites  which  form 
its  shores.  Indeed,  so  rich  are  the  veins  of  true  haematite 
in  the  older  rocks  at  the  head  of  Langdale,  that  it  has  been 
in  prospect  to  carry  a  railway  up  to  work  them. 

1  Manchester  Literary  and  Philosophical  Society,  1 847. 

7  Manchester  Literary  and  Philosophical  Society >t  1853. 

*  Transactions  of  the  Manchester  Geological  Society,  vol.  xiii.,  part  9. 
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"There  are  true  haematites  near  the  summits  of  Scawfell. 
The  l  Screes '  at  Wastwater  are  veined  with  them ;  Red  Pike 
near  Ennerdale.  gets  its  colour  and  name  from  haematite  ore ; 
and  in  this  locality  it  was  smelted  by  the  Romans.     All  these 
are  in  the  syenite,  porphyry,  and  other  oldest  igneous  rocks. 
There  are  very  rich  mines  now  worked  in  clay  slate  at  the  foot 
of  Grasmere,  and  there  is  a  railway  making  up  the  Ravenglass 
valley  to  convey  the  ore  from  mines  which  occur  in  veins  in 
the  granite  and  other  older  rocks.     At  Lindal,  in  Cartmel,  a 
vein  of  haematite  can  be  seen  between  the  clay  slate  and  lime- 
stone, and  all  round  Arnside  Knott  are  true  veins  of  haematite 
much  altered  by  heat.    These,  then,  are  instances  of  the 
occurrence  of  haematite  ores  directly  from  their  parent  source, 
and  in  my  opinion  they  prove  the  origin  of  haematite  ore  to  be 
igneous."    Further  on,  Mr.   Brockbank  is  reported  to  have 
said:  "Now,  Professor  Phillips  describes  the  great  igneous 
granite  and  syenitic  masses  about  Scawfell  and  Bowfell  as 
having  been  in  fusion  since  the  deposition  of  the  clay  slates, 
because  the  latter  are  everywhere  found  to  be  indurated  and 
metamorphosed  by  their  action.     It  is  these  very  igneous  rocks 
which  now  bear  the  haematite  veins  above  described,  and  we 
thus  have  a  direct  clue  to  the  origin  of  the  rest.     Bearing  in 
mind  that  the  clay  slates  of  Dent  were  not  yet  above  the  level 
of  the  ocean,  we  may  picture  these  igneous  centres  pouring 
out  the  ferruginous  stream  of  lava-like  matter  seawards,  where 
it  would  meet  the  carboniferous  rocks  tilted  and  fissured,  and 
thus  fitted  to  receive  it.    Then  followed  the  Permian  era,  and 
after  long  ages  the  great  final  upheaval  by  which  the  outliers  of 
the  Lake  District,  Dent-fell  and  Cold-fell,  in  the  Whitehaven 
district,  Blackcomb,   in   Millom,  Ireleth  and   High  Haume, 
in  the  Furness  district,  were  pushed  through,  tilting  the  car- 
boniferous rocks  and  again  Assuring  them  in  all  directions. 
This,  again,  would  not  be  the  work  of  a  moment ;  but  it  would 
in  all  probability  occupy  an   epoch  giving  time  enough  for 
denudations  and  the  wearing  out  of  the  subterranean  water- 
courses or  caverns  which  became  filled  with,  the  haematites 
wherever  circumstances  were  favourable." 
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Mr.  John  Plant,1  quoting  Professor  Newbury,  geologist  for 
the  State  of  Ohio,  said :  "  Red  haematite  consists  mainly  of 
peroxide  of  iron,  the  ores  of  which  have  been  plainly  derived 
from  limonite  (brown  haematite)  by  loss  of  the  combined  water. 
The  famous  Cumberland  ore  of  England  is  a  typical  example 
of  this  variety.  This  was  once  a  hydrated  sesquioxide  deposited 
from  water  in  concretionary  masses,  and  having  a  fibrous 
radiated  structure.  Similar  ore  is  found  in  various  parts  of  the 
world;  wherever,  indeed,  a  limonite  has  been  subjected  to 
metamorphic  action  by  which  its  water  is  removed,  haematite 
is  found  in  concretions  or  botryoidal  masses  in  sand  or  clay, 
filling  crevices,  pockets-,  or  basins,  or  incrusting  slopes,  wherever, 
indeed,  chalybeate  waters  have  precipitated  their  iron.  It  is 
often  associated  by  limestone  rocks  because  they  are  more  easily 
than  others  dissolved  by  atmospheric  water,  so  as  to  form 
caverns  and  galleries  where  the  ore  may  accumulate,  and  also 
because  the  limestones  contain  much  iron,  and  in  the  removal 
of  the  carbonate  of  lime  by  solution  the  oxide  of  iron  is  left, 
and,  to  a  certain  extent,  takes  its  place." 

Mr.  David  Forbes8  is  reported  to  have  said  that  "the 
direction  of  vein-like  deposits  is  due  to  their  being  formed  in 
pre-existing  fissures  into  which  haematite  has  been  injected. 
When  haematite  is  found  in  caverns  it  has  been  washed  in  by 
water." 

Professor  Harkness  and  Sir  Roderick  Murchison,  in  a 
paper  on  the  Permian  rocks  of  the  north-west  of  England 
—  which  has  been  already  quoted  —  say  :  "  The  mode  in 
which  that  valuable  ore  of  iron,  haematite,  is  found  deposited 
in  pre-existing  cavities  of  the  carboniferous  formation,  and 
sealed  up  by  'crab  rock,'  is  a  matter  of  great  geological 
interest  Joints,  fissures,  and  caverns  were  doubtless  formed 
in  the  older  rocks  antecedent  to  the  deposition  of  the  Permian 
strata,  and  in  these  the  ore  of  iron  so  widely  diffused  through- 
out the  Permian  rocks  has  in  this  portion  of  the  north-western 
region  assumed  the  characters  of  haematite.    This  circum- 

1  Transactions  oftht  Manchester  Geological  Society,  vol.  xiii. 

2  Quarterly  Journal  of  the  Geological  Society,  May  1876. 
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stance  justifies  the  inference  that  these  haematite  ores  are 
the  result  of  an  agency  which  ushered  in  the  Permian  epoch. 
The  earlier  Permian  rocks  of  both  England  and  Scotland  are 
strongly  impregnated  with  iron,  their  composition  consisting 
principally  of  silica  and  an  oxide  of  this  metal.  This  latter  sub- 
stance originated  from  the  same  source,  which  during  the  com- 
mencement of  the  deposition  of  the  Penrith  sandstones  filled  up 
the  fissures  in  the  carboniferous  limestone.  This  conclusion 
is  applicable,  not  only  to  the  Ulverston  district,  but  also  to  that 
of  Cleator,  south-east  of  Whitehaven,  where  valuable  deposits 
of  haematite  are  also  obtained  from  the  cavities  and  fissures 
in  the  carboniferous  limestone,  which,  at  one  time,  was  here 
covered  over  by  an  extension  of  those  Permian  breccias  and 
sandstones  now  forming  an  escarpment  a  short  distance  west 
from  Cleator  Moor." 

It  will  have  been  noticed  that  all  these  explanations  require 
the  existence  of  caverns  and  fissures  in  which  the  ore  could 
accumulate.  But  those  who  have  followed  carefully  the  re- 
marks on  the  inner  nature  of  the  deposits  in  Chapter  II.,  Part  II., 
will  probably  be  convinced,  as  was  first  pointed  out  by  the 
author  in  his  paper  on  the  "  Haematite  Deposits  of  Whitehaven 
and  Furness," l  that  the  deposits  were  not  formed  in  either 
caverns  or  fissures.  Let  us  consider  Fig.  16.  It  must  be  clear 
to  every  one  that  the  ore  shown  there  could  not  by  any  possi- 
bility have  been  formed  in  a  cavern.  The  thin  bed  of  shale  (/) 
running  through  the  ore  also  passes,  without  interruption,  right  1 

on  into  the  side  rock  c  and  d ;  in  fact,  it  is  interbedded  with  the 
limestone,  and  therefore  must  have  been  formed  at  the  same 
time.  Now,  such  being  the  case,  it  is  evident  that  the  ore, 
which  this  parting  intersects,  cannot  have  been  thrown  down 
in  a  cavern  previously  formed  in  the  limestone,  for  if  so,  this 
thin  parting,  being  now  in  the  same  relative  position  to  the 
surrounding  rocks  as  it  was  when  first  deposited,  must  have 
stretched  across  that  cavern,  and  must  consequently  have  been 
able  to  stand  without  intermediate  support  across  an  opening 

1  Transactions  of  the  Manchester  Geological  Society,  1875. 
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five  or  six  fathoms  wide.  Such  a  thing  is,  however,  altogether 
impossible ;  for  it  must  be  evident  to  any  one  that  the  parting 
must  fall  if  the  support  were  taken  from  it,  as  it  must  have 
been  had  the  parting  spanned  a  cavern.  Besides,  it  has 
already  been  seen  that  the  deposition  of  the  ore  was  preceded 
by  the  faults  alongside  which  it  occurs,  so  that  the  shale- 
parting,  /,  would  receive  no  support  from  the  rocks  on  the 
west  side  of  the  deposit,  as  it  would  then  have  no  connection 
with  them,  having  been  severed  from  them  some  time  pre- 
viously by  the  fault  which  occurs  on  that  side  of  the  deposit. 
It  must,  therefore,  have  stood  out  from  the  side  of  the  cavern 
like  a  cantilever.  That  is,  however,  quite  impossible ;  so  that 
it  may  be  said  with  certainty  that  the  ore  in  question  was  not 
deposited  in  a  cavern.  The  same  argument  holds  good  for 
the  deposits  shown  in  Figs.  14  and  15. 

The  shale  nests  and  partings  mentioned  as  occurring  in  the 
ore  were  evidently  formed  before  the  carboniferous  limestone 
had  been  disturbed,  because  the  laminations  of  the  shale  in  each 
case  are  parallel  to  the  bedding  of  the  rocks  surrounding  the 
ore.  But  it  is  known  that  the  ore  was  not  deposited  until 
after  the  limestone  had  been  tilted  and  faulted.  It  is  therefore 
clear  that  these  nests  and  partings  existed  before  the  ore  was 
thrown  down,  which  shows  that  it  could  not  have  been  laid  in 
a  cavern,  or  the  shale  nests  would  have  had  to  float  in  air. 

This  conclusion  is  further  supported  when  we  come  to  the 
consideration  of  deposits  which  have  roofs  of  shale.  No  one 
at  all  acquainted  with  such-like  deposits  could  for  a  moment 
suppose  that  the  ore  in  them  had  been  deposited  in  a  cavern. 
If,  at  the  present  time,  in  working  the  ore,  but  a  few  square 
yards  of  these  shale  "  roofs  "  be  left  unsupported,  they  very 
soon  fall  away.  How  could  they  have  stood,  then,  before  the 
ore  was  deposited,  as  the  "  roofs  "  of  immense  caverns  several 
acres  in  extent  ?  It  will  be  seen  by  an  examination  of  the 
sections  (Figs.  13,  16  and  17)  that  these  shale  beds  could  not 
possibly  have  been  deposited  after  the  ore,  for  they  are  inter- 
bedded  with  the  limestone,  and,  consequently,  contempo- 
raneous with  that  rock. 
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Even  deposits  with  strong  stone  "roofs"  like  that  at 
Parkside  (Fig.  7),  could  not  have  been  formed  in  a  cavern. 
Any  one  who  has  gone  through  the  (Peak  cavern  in  Derbyshire, 
which  is  the  largest  in  England,  must  have  been  struck  by  the 
immense  number  of  limestone  blocks  which  have  fallen  from 
the  roof,  and  now  lie  in  piles  upon  the  floor.  Yet  the  size 
of  the  largest  chamber  in  that  cavern  is,  as  it  were,  a  mere 
"lough"  compared  with  that  which  would  be  necessary  to 
hold  the  Parkside  deposit ;  in  fact,  it  is  not  one-fortieth  of  the 
area.  Then,  the  great  regularity  of  the  "  roof"  of  the  Parkside 
deposit,  and  the  absence  of  roof-stone  fragments  on  the  "  floor  n 
(both  contrasting  strongly  with  the  Peak  cavern),  prove  con- 
clusively that  that  deposit  is  not  a  rilled  cavern. 

What  has  been  said  of  some  of  the  deposits  is  equally 
applicable  to  the  others,  as  could  easily  be  demonstrated  were 
it  necessary  to  multiply  examples ;  so  that  it  may  be  with  every 
confidence  asserted  that,  at  any  rate,  the  ore  in  the  carboniferous 
limestone  was  not  deposited  in  caverns. 

That  the  Millyeat  ore  is  not  a  cavernous  deposit  will 
probably  be  admitted  by  all,  notwithstanding  its  great  resem- 
blance, except  in  thickness,  to  deposits  which  would  generally 
be  looked  upon  as  having  been  formed  in  a  cavern. 

Let  us  now  see  how  far  the  fissure  idea  is  supported  by  the 
deposits  in  the  Skiddaw  slates,  the  Ennerdale  syenitic  granite, 
and  the  Eskdale  granite.  It  has  been  seen  that  the  ore  in 
these  rocks  does  not  occur  continuously  in  the  veins,  but  that 
each  vein  consists  of  a  number  of  "  bunches  "  or  "  bellies  "  of 
ore,  which  are  connected  by  what  the  miners  call  a  "  leader." 
Many  of  these  "  bunches  "  present  an  area  of  several  hundred 
square  yards  when  viewed  in  longitudinal  section. 

Now,  in  extracting  the  ore,  especially  at  Kelton  Fell  and 
Knockmurton,  the  miners  find  it  necessary  to  use  a  large 
quantity  of  timber,  in  order  to  keep  up  the  "  hanging  cheeks." 
When  "stoping"  they  cannot  leave  many  yards  of  the 
"  cheek  "  unsupported  or  it  would  very  soon  fall  away.  How 
could  it  have  ever  so  stood,  then,  for  hundreds  of  yards,  whilst 
the  ore  was  being  formed,  if  it  was  deposited  in  an  open 
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fissure  ?  Clearly  the  sides  must  have  fallen  away.  That  they 
have  not  done  so  is  a  proof  that  the  ore  was  not  deposited  in 
a  fissure.1  Besides,  the  section  given  in  Fig.  2  bears  no  resem- 
blance whatever  to  a  filled  fissure ;  yet  many  similar  forms  may 
be  found  in  these  veins. 

The  same  thing  cannot  be  shown  so  directly  in  the  case 
of  the  Water  Blean  ore,  but  the  author's  impression  is  that  it, 
like  the  others,  was  not  deposited  in  caverns,  as  will  appear 
further  on. 

The  effect  of  the  foregoing  conclusions  is  to  show  the 
inadequacy  of  all  those  attempted  explanations,  of  the  origin 
of  these  deposits,  which  involve  the  assumption  of  pre-existing 
caverns  and  fissures.  Those  who  have  not  observed  the  facts 
on  which  these  conclusions  are  based  may  fail  to  feel  the  full 
force  of  the  argument,  so  that  it  may  not  be  undesirable  to  look 
at  the  question  from  another  point  of  view. 

The  fact  which  chiefly  inclines  writers  and  thinkers  to  the 
idea  that  these  deposits  are  filled  caverns  and  fissures  is,  that 
they  present  external  forms  exactly  similar  to  what  they  would 
have  had  if  the  ore  had  actually  been  placed  in  such  receptacles ; 
but  it  must  not  be  forgotten  that  similarities  are  not  identities. 
Moreover,  it  will  be  shown,  further  on,  that  precisely  similar 
forms  might  be  imposed  upon  the  deposits  by  an  entirely 
different  process,  and  one  which  is  consistent  with  the  remain- 
ing facts.  The  only  other  feature  of  the  deposits  that  has  been 
put  forward  as  suggesting  that  they  are  filled  caverns  is  that 
sometimes,  in  working  the  ore,  the  miners  strike  into  4  "  lough," 
every  side  of  which,  except  that  against  the  ore,  is  limestone  or 
"  whirlstone."  This,  it  is  said,  is  part  of  the  cavern  that  has 
not  been  filled.  Now  if  these  "  loughs  "  always  occurred  at  the 
top  of  a  deposit,  there  might  be  some  force  in  the  assertion ; 
but  seeing  that  they  are  found  at  the  bottom  and  sides  as  well, 
this  argument  is  completely  negatived,  for  those  at  the  lower 
levels  would  surely  have  been  filled. 

1  The  author  has  extended  this  argument  to  all  mineral  veins,  in  his 
paper  on  "The  Mineral  Veins  of  the  Lake  District,**  Transactions  of  the 
Manchester  Geological  Society,  1884. 
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Having  shown  that  the  ore  could  not  possibly  have  been 
deposited  in  caverns  and  fissures,  and  thereby  exposed  the 
insufficiency  of  previous  explanations,  it  may  seem  unnecessary 
to  follow '  them  further ;  but  in  order  to  show  their  general 
incompetence  the  writer  will  make  a  few  observations  on  the 
modes  in  which  it  is  supposed  the  caverns  and  fissures  were 
filled.  Mr.  Binney  and  Mr.  Brockbank  are  of  the  opinion  that 
the  ore  is  of  volcanic  origin,  and  that  it  was  either  injected  into 
the  places  where  it  is  now  met  with,  through  fissures  immediately 
below,  or  it  was  first  mingled  with  the  waters  of  the  sea  and 
then  thrown  down  as  a  sediment.  Referring  to  Fig.  1  and  its 
description,  it  will  be  seen  that  everything  in  the  vein  is 
arranged  in  lines  parallel  to  the  "  cheeks,"  as  shown  by  the 
kidney  ore  c/;.  In  the  veins  at  Kelton  and  Knockmurton  the 
same  thing  is  seen.  Now,  sedimentary  deposits  do  not  take 
place  in  this  way  except  to  a  small  extent ;  they  seek  the  lowest 
level  possible.  Moreover,  no  deposits  are  known  which  are 
formed,  to  any  extent,  on  such  steeply  inclined  and  overhanging 
faces  as  the  "  cheeks ."  of  veins,  except  chemical  precipitates. 
That  the  ore  was  not  injected  directly  from  below  into  fissures 
is  clearly  shown  by  the  gash-like  form  of  the  veins,  the  ore 
generally  becoming  less  and  less  in  depth.  The  reverse  would 
have  been  the  case  had  it  so  come  from  below;  for,  as  the 
distance  from  its  source  increased,  the  work  to  be  done  by  the 
moving  ore  would  be  increased,  and  consequently  the  available 
energy  would  become  less  and  less ;  so  that  as  the  ore  moved  up- 
ward its  dimensions  would  be  gradually  reduced.  If*  therefore, 
it  had  been  injected  from  below  in  a  molten  mass  it  would  have 
become  thicker  in  depth ;  but  exactly  the  reverse  is  the  fact. 
Again,  it  surely  is  to  be  expected  that  there  would  be  present 
some  evidence  of  the  calcining  effect  of  these  masses  of  molten 
matter,  such  as  a  hardening  of  the  enclosing  rocks ;  but  this  is 
not  so.  It  may  therefore  be  taken  for  granted  that  the  ore  in 
these  veins  was  not  deposited  in  a  molten  state,  nor  indeed  as 
a  sediment  from  water,  for  the  reasons  given  above.  Neither 
was  the  ore  in  the  carboniferous  limestone  deposited  in  either 
of  these  ways,  as  is  shown  by  the  existence  in  it  of  fossils 
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belonging  to,  and  in  some  cases  consisting  of,  that  rock. 
Besides,  the  "  growing  together  "  of  the  limestone  and  the  ore, 
in  these  deposits,  as  well  as  in  those  at  Water  Blean,  in  the 
Coniston  limestone,  is  quite  opposed  to  either  the  igneous  or 
sedimentary  theories. 

The  views  of  the  late  Mr.  David  Forbes,  so  far  as  they  can 
be  gathered  from  his  few  remarks  on  the  subject,  appear  to 
have  been  somewhat  similar  to  those  of  Mr.  Binney  and  Mr. 
Brockbank,  so  that  it  is  not  necessary  to  notice  them  separately ; 
neither  is  anything  special  found  in  the  opinions  of  Professor 
Newberry,  Sir  Roderick  Murchison,  or  Professor  Harkness. 
The  author  will,  therefore,  proceed  to  give  his  own  expla- 
nation of  the  origin  of  the  deposits. 

"  It  is  known  that  when  certain  elements,  or  combinations 
of  those  elements,  are  brought  into  contact  under  suitable  con- 
ditions, a  chemical  reaction  takes  place  between  them.  For 
instance,  if  a  piece  of  chalk  be  dropped  into  a  solution  of  per- 
chloride  of  iron,  there  at  once  sets  in  a  reaction  between  them ; 
part  of  the  chalk  is  dissolved,  and  a  red  precipitate  thrown  down 
in  its  place.  In  time  the  chalk  would  disappear  altogether, 
and  nothing  be  left  but  this  red  precipitate.  Now,  that  seems 
to  be  the  process  by  which  the  haematite  deposits  were  produced. 
Applying  the  explanation  first  to  the  limestone  deposits,  and 
especially  to  that  shown  in  Fig.  16 ;  and  supposing  that  d  and 
d'  were  originally  beds  of  limestone  with  the  shale  parting  / 
between  them,  and  that,  by  a  process  similar  to  that  mentioned 
in  the  above  experiment,  these  limestone  beds  were  replaced 
by  ore,  the  reason  why  the  shale  parting  has  never  fallen  away 
becomes  apparent ;  for,  of  course,  it  would  never  be  left  unsup- 
ported. As  the  limestone  was  dissolved  the  ore  would  be 
thrown  down  in  its  place.  The  same  explanation  shows  why  the 
shale  partings  in  the  ore,  in  Figs.  14  and  15,  and  the  shale 
'  roofs '  in  Figs.  13,  16,  and  17,  have  not  fallen  away.  It  shows, 
too,  how  the  nests  of  shale,  which  certainly  were  formed  before 
the  ore,  have  come  to  be  in  the  apparently  anomalous  position 
in  which  they  are  found.  As  already  stated,  these  nests  must 
have  been  deposited  before  the  rocks  were  tilted,  and  therefore 
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before  the  ore  was  deposited ;  for  the  latter  did  not  take  place 
until  the  rocks  had  assumed  very  much  of  their  present  position. 
The  shale  must  have  been  deposited  along  with  the  limestone, 
but  offering,  as  it  would,  a  greater  resistance  to  the  iron  solution 
the  limestone  around  it  has  been  removed  and  replaced,  whilst 
the  shale  has  remained  and  been  but  very  little  altered." 1 

Again,  it  will  be  seen  how  it  is  that  the  "roof"  of  such 
deposits  as  that  at  Parkside  has  not  fallen ;  and  also,  why,  in 
the  Whitehaven  area,  only  the  deposits  in  the  fourth,  fifth, 
sixth,  and  bottom  limestones  have  shale  partings.  The  first, 
second,  and  third  limestones  not  being  split  up  by  partings,  like 
those  below,  no  partings  could  be  expected  in  the  ore  which 
had  replaced  those  limestones. 

The  north  and  south  direction  of  the  deposits,  when  not 
interfered  with  by  east  and  west  faults,  the  occurrence  of"  guts  " 
if*  the  "  roof"  of  such  deposits  as  that  at  Fletcher  pit,  and  the 
"  rolls  *  in  the  "  floor  "  of  the  Parkside  deposit,  as  well  as  the 
general  cavern-like  form  of  the  deposits  as  a  whole,  can  each 
and  all  be  satisfactorily  explained  on  the  supposition  that  the 
ore  resulted  from  a  replacement  process.  At  one  time  or 
another  the  author  has  examined  nearly  all  the  principal 
caverns  in  England  with  the  view  of  seeing  what  light  they 
threw  upon  these  haematite  deposits,  and  he  invariably  found 
that  the  different  chambers  of  those  caverns  are  hollowed  out 
on  the  lines  of  jointing,  sometimes  following  one  set  of  joints, 
and  sometimes  another ;  but  the  largest  chambers  were  along 
those  joints  which  run  nearly  north  and  south.  This  may  be 
well  seen  in  the  Peak  cavern,  in  Derbyshire,  the  three  largest 
chambers  of  which — the  Victoria  chamber,  the  great  chamber, 
and  the  chamber  at  the  entrance — where  the  twine-spinning  is 
carried  on — are  on  the  line  of  north  and  south  joints.  Then 
again  in  the  Blue  John  mine,  in  the  same  county,  the  beau- 
tiful chamber  known  as  Lord  Mulgrave's  dining-room,  and  the 

1  This  explanation  was  first  put  forward  by  the  author  in  1 874,  in  a 
paper  on  "The  Haematite  Deposits  of  Whitehaven  and  Furness," 
Transactions  of  the  Manchester  Geological  Society,  1875.  Since  that  time  it 
has  been  adopted  by  several  writers  in  notices  of  these  deposits. 
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still  larger  chamber  at  the  end  of  the  cavern,  are  both  on  the 
line  of  the  north  and  south  joints.  So  also  are  the  largest 
parts  of  Poole's  cavern,  near  Buxton.  In  the  Brixham  cavern 
in  Devonshire,  the  correspondence  of  the  different  chambers 
with  lines  of  jointing  may  be  very  distinctly  seen.  It  is  also 
well  displayed  in  Kent's  Hole ;  and  in  the  author's  paper  on 
"  The  Haematite  Deposits  of  Whitehaven  and  Furness,"  the 
same  was  shown  to  obtain  in  a  cavern  at  Stainton,  in  Furness. 

The  explanation  is  probably  this :  carbonated  water  has 
gained  access  to  the  limestone  along  the  joints,  and  dissolved 
the  limestone,  particle  by  particle,  on  those  lines,  until  at 
length  the  widening  joints  united  and  formed  the  present 
caverns. 

The  action  of  a  solution  of  iron,  such  as  has  been  named, 
would  be  similar  to  that  of  carbonic  acid  in  cavern  forming, 
only,  as  the  limestone  was  dissolved,  peroxide  of  iron  would  be 
thrown  down  in  its  place.  Thus  it  may  be  seen  how  it  is  that 
the  "  guts,"  the  rolls,  and  the  deposits  as  a  whole  are  parallel 
to  the  joints.  But  why  they  kept  to  those  that  are  nearly 
north  and  south  cannot  be  explained  so  clearly,  unless  it  is 
that  the  joints  having  this  direction  are  stronger  and  more 
persistent.  That  would  certainly  account  for  it,  and  may 
probably  be  considered  the  correct  explanation,  for,  as  a 
matter  of  fact,  the  north  and  south  joints  are  more  persistent ; 
but  still  east  and  west  caverns  are  found,  so  that  east  and  west 
deposits  of  iron  might,  with  reason,  have  been  expected.  Of 
course  very  much  would  depend  upon  the  manner  in  which 
the  acidulated  water  obtained  access  to  the  rocks;  and  the 
author  hopes  to  be  able  to  show,  further  on,  that  it  was  this 
which  determined  the  parallelism  of  the  deposits. 

The  growing  together  of  the  ore  and  the  stone  is  also 
explained  by  the  replacement  process.  Being  an  operation 
which  requires  some  time  for  its  completion,  it  will  of  necessity 
only  be  complete  where  that  time  has  been  sufficient.  From 
there  to  the  unaltered  stone  it  will  be  less  and  less  complete — 
that  is  to  say,  between  the  ore  and  stone  there  will  be  a  sort  of 
"  No  man's  land,"  occupied  partly  by  stone  and  partly  by  ore, 
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the  one  increasing  as  the  other  diminishes ;  each  retaining 
less  of  its  peculiar  character  as  the  distance  increases  from  its 
native  land.  The  greater  resistance  presented  to  the  iron 
solution  by  the  silicious  portions  of  the  limestone  is  no  doubt 
the  reason  they  were  left  in  masses  in  the  deposits  as  now 
found.  The  form  of  these  silicious  masses  would  doubtless,  in 
many  cases,  affect  the  shape  and  direction  of  the  deposit,  as 
the  iron  solution  would  act  more  easily  on  the  limy  portions 
than  on  them.  This  is  probably  the,  reason  that  the  sides  of 
the  ore  sometimes  take  very  peculiar  and  irregular  turns.  For 
the  same  reason,  the  shale  and  sandstone  forming  the  roof  and 
sole  in  many  deposits  would  not  be  replaced.  The  softer 
nature  of  the  ore  adjoining  some  shale  beds  is  probably  due 
to  the  admixture  of  shale  with  the  limestone  which  the  iron 
replaced,  for  the  change  from  limy  to  argillaceous  conditions 
would  no  doubt  be  somewhat  gradual.  The  shale  thus  incor- 
porated with  the  limestone,  being  less  easily  acted  upon  than 
the  latter  rock,  remains  mechanically  mixed  with  the  ore, 
rendering  the  latter  soft  in  proportion  to  the  quantity  of  shale 
it  contains. 

The  laminated  nature  of  some  of  the  ore  near  the  stone, 
and  the  alternate  hard  and  soft  beds  sometimes  met  with,  are 
both  easily  explained  by  the  replacement  process,  as  is  also 
the  occurrence  in  the  ore  of  fossils — some  converted  into 
haematite — belonging  to  the  carboniferous  limestone.  These 
fossils,  like  the  shale  beds  in  the  ore,  are  an  insurmountable 
obstacle  to  all  other  explanations,  but  to  this  they  offer  no 
difficulty  whatever ;  in  fact,  they  are  another  proof  of  its  truth. 

The  existence  of  loughs  and  microscopic  cavities  in  the 
ore  is  altogether  incompatible  with  the  supposition  of  its  being 
a  sedimentary  deposit.  They  might  occur  in  an  igneous  forma- 
tion, although  it  is  very  unlikely  that  they  would  have  their 
present  form,  but  that  such  was  not  the  mode  in  which  this 
haematite  originated  is  clearly  shown  by  the  presence  in  it  of 
the  shale  beds  above  alluded  to.  Now,  replacement  pseudo- 
morphs  of  haematite  after  calcite  have  precisely  the  porous 
appearance  presented  by  the  hard  ore  of  these  districts,  a  fact 
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which  renders  it  still  more  probable  that  the  deposits  originated 
by  a  process  of  replacement. 

The  average  composition  of  the  hard  blue-purple,  or  of  the 
softer  reddish-purple  ore  yielded  by  any  deposit,  may  perhaps 
be  expressed  as  follows  : — 

Peroxide  of  iron  by  weight  85  per  cent  (equal  to  59*5  per 
cent,  of  metallic  iron). 

Foreign  matter  by  weight  15  per  cent. 

The  specific  gravity  of  peroxide  of  iron  is  about  5,  and  the 
average  specific  gravity  of  the  associated  foreign  matter  may 
be  taken  at  about  2*24,  so  that  the  relative  volumes  of  the  two 
sets  of  material  existing  in  the  ore  may  be  taken  as  170  is  to 
67 — that  is  to  say,  in  237  cubic  feet  of  solid  ore  170  feet  will  be 
peroxide  of  iron  and  67  feet  foreign  matter.  But  it  is  found 
that  about  one-sixth  of  the  bulk  of  a  deposit  of  hard  ore  must 
be  allowed  for  loughs,  which  are  either  filled  or  empty  ;  in  other 
words,  only  five-sixths  of  such  a  deposit  can  be  taken  as  ore.  It 
appears,  therefore,  that  in  any  deposit  of  hard  haematite,  measur- 
ing say  999  cubic  feet,  the  volume  is  made  up  as  follows  : — 

Cubic  Feet 
Peroxide  of  iron 598 

Foreign  matter    ...         ...         ...         ...         ...         ...       235 

j~*ougns     ...        ...        ...        * . .         .1.         ...        . . .       1 0)0 


X  OlcLl         ...  ...  ...  ...  ...  ...  «F77 


Thus  it  is  apparent  that,  in  a  deposit  of  hard  haematite,  little 
more  than  half  the  volume  of  the  ore  (including  loughs)  is 
occupied  by  peroxide  of  iron,  the  remainder  consisting  of 
loughs  and  foreign  matter.  This  foreign  matter  was  probably 
deposited  after  the  ore,  and  so  filled  up  the  minute  pores  which 
once  existed  in  it ;  just  in  the  same  way  as  many  of  the  large 
loughs  have  been  subsequently  filled,  whilst  others  are  but 
partially  so. 

The  replacement  of  limestone  by  haematite 1  may  be  effected 

1  As  bearing  on  this  question,  it  may  be  mentioned  that  in  the  Jermyn 
Street  Museum  there  is  a  pseudomorph  of  hematite  after  calcite,  from 
Parkside  mine,  Frizington. 
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in  several  ways  in  the  laboratory ;  but,  most  probably,  in  the 
case  of  the  deposits  under  consideration,  it  resulted  from  the 
action  of  an  aqueous  solution  of  either  perchloride  of  iron  or  of 
bicarbonate  of  iron. 

The  reaction  which  ensues  when  an  aqueous  solution  of 
perchloride  of  iron  is  brought  into  contact  with  limestone  as  is 
follows : — 

FejCle  +  3  (CaCo3)  =  Fe208  +  3  (CaCl2  +  Co2). 

Or,  in  other  words  peroxide  of  iron  is  precipitated,  calcic 
chloride  is  held  in  solution,  and  carbonic  acid  gas  given  off. 
If  the  reaction  takes  place  at  an  elevated  temperature  the 
hydrated  precipitate  may  be  altered  to  anhydrous  haematite. 
In  "  Dana's  Descriptive  Mineralogy,"  fifth  edition,  p.  168,  it  is 
stated  that  "  E.  Davies  has  shown  that  the  ordinary  precipitate 
of  hydrate  of  iron,  on  being  boiled  in  water,  may  have  its 
water  reduced  to  3*52  per  cent.  (Journal  of  the  Chemical 
Society,  2,  4,  69),"  and  Rodman  (I.e.)  has  by  the  same  method 
reduced  it  to  2  per  cent.,  showing  that  the  water  varies  with 
the  temperature  of  origin,  and  as  Davies  observes,  "  no  great 
heat  is  needed  to  make  thus  anhydrous  haematite.1' 

In  Watt's  "Dictionary  of  Chemistry"  (1875  edition),  vol.  iii., 
p.  395,  more  precise  information  on  this  head  is  given  in 
the  following  statement :  "  Ferric  hydrate  gives  off  part  of 
its  water  between  8o°  and  ioo°  C,  and  the  whole  at  a  red 
heat ;  it  is  also  completely  dehydrated  by  heating  it  from 
160  to  2000  C,  with  a  saturated  solution  of  chloride  of 
calcium  or  chloride  of  sodium."  By  the  above  reaction,  as 
already  mentioned,  a  solution  of  chloride  of  calcium  is  pro- 
duced, which  needs  only  to  be  heated  and  the  precipitated 
peroxide  of  iron  would  be  deprived  of  its  water.  The  manner 
in  which  the  solution  was  heated  will  be  noticed  hereafter,  but 
it  is  probable  that  a  much  less  temperature  than  that  mentioned 
above,  if  continued  for  a  great  length  of  time,  might  have  the 
same  effect. 

By  the  action  of  bicarbonate  of  iron  on  limestone  there 
results : — 

FeQO,  +  CaC08  =  FeCOs  +  CaC206. 
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In  other  words,  carbonate  of  iron  is  precipitated,  and 
bicarbonate  of  lime  is  held  in  solution.  The  conversion  of  the 
carbonate  into  the  peroxide  of  iron  is  effected  as  follows  : — 

2  (FeC08)  =  Fes08  +  CO,  +  CO. 

Two  volumes  of  the  carbonate  of  iron  being  required  to 
produce  one  volume  of  haematite,  there  is  a  loss  from  the 
evolution  of  carbonic  acid  and  carbonic  oxide  of  nearly  one- 
third  of  the  weight 

These  reactions  and  changes  necessitate  the  following 
relation  in  the  volumes  of  haematite  and  limestone.  From  a 
solution  of  perchloride  of  iron  999  cubic  feet  of  limestone 
would  precipitate  only  290  cubic  feet  of  haematite  of  the  ordinary 
density,  but  it  would  precipitate  a  larger  volume  if  the  density 
were  reduced.  From  a  solution  of  bicarbonate  of  iron  999 
cubic  feet  of  limestone  would  precipitate  438  cubic  feet  of 
haematite.  This  quantity  is  so  much  nearer  than  the  previous 
one  to  the  relative  volume  of  peroxide  of  iron  actually  found 
in  the  deposits,  that,  from  these  considerations  alone,  it  might 
seem  more  probable  that  the  replacement  had  been  effected 
by  means  of  a  solution  of  bi-carbonate  of  iron  rather  than  by 
a  solution  of  perchloride  of  iron ;  but  there  are  other  reasons 
which  necessitate  the  rejection  of  that  supposition,  as  will 
hereafter  appear. 

It  has  been  clearly  shown  that  both  in  Furness  and 
West  Cumberland,  the  haematite  was  deposited  at  a  time 
marked  by  great  volcanic  activity ;  that  is  to  say,  simultaneously 
with  the  formation  of  the  early  Permian  faults  which  intersect 
the  carboniferous  limestone.  This  connection,  of  itself,  suggests 
that  the  original  source  of  the  iron  was  volcanic ;  but  there 
are  other  reasons  which  point  much  more  directly  to  that 
conclusion.  Early  Permian  faults,  it  is  known,  occur  every- 
where throughout  the  carboniferous  band  which  encircles  the 
Lake  District,  yet  it  is  only  at  three  points  in  that  band, — viz., 
Whitehaven,  Millom,  and  Furness — that  haematite  has  been 
found  in  large  quantities.  Now  at  each  of  those  points  the 
Skiddaw  slate,  which  is  the  lowest  known  stratified  rock  of  the 
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district,  has  been  brought  up  to  the  surface.  It  has  occupied 
that  position,  too,  since  pre-carboniferous  times ;  for  the  car- 
boniferous limestone  reposes  on  it  at  Cleator,  at  Millom,  and 
in  Furness.  Without  assuming  anything  so  extremely  uncertain 
as  that  the  earth's  interior,  during  Permian  times,  was  in  a 
fluid  condition,  it  seems  perfectly  legitimate  to  infer  that  the 
violent  fractures  and  dislocations  which  then  took  place  resulted 
from  great  internal  pressure,  due  to  a  locally  elevated  tempera- 
ture. That  being  so,  is  it  not  exceedingly  probable  that  these 
fractures  and  dislocations  would  be  accompanied  by  certain 
volcanic  emanations  ?  And  seeing  that  the  earth's  crust  would 
be  thinner  at  those  points  where  the  Skiddaw  slate  was  on  the 
surface  than  at  other  points  where  it  was  covered  by  rocks 
of  a  later  age,  and  also  that,  at  the  former  points,  the  uplifting 
action  was  greatest,  and  therefore  the  fractures  and  dislocations 
would  be  greatest,  it  follows  that  there  the  volcanic  emanations 
would  be  most  abundant. 

The  way  in  which  the  haematite  deposits  are  clustered  in 
the  neighbourhood  of  the  older  rocks  of  Haume,  Blackcombe, 
and  Dent,  points  clearly  to  the  source  of  the  iron.  It  may  be 
said,  of  course,  that  they  simply  indicate  that  there  the  lime- 
stone was  more  broken  up  during  the  upheaval  than  it  was 
farther  away,  and  that,  therefore,  it  would  be  more  readily 
acted  upon  by  any  solution  of  iron  brought  into  contact  with  it, 
no  matter  whether  that  solution  came  from  above  or  below. 
But  that  would  not  be  so,  as  will  be  shown  hereafter. 
Besides,  it  seems  altogether  impossible  that  the  iron  solution 
can  have  come  from  above,  notwithstanding  that  the  deposits, 
as  a  rule,  decrease  in  size  downwards.  Where  could  it  come 
from  above  ?  There  were  no  overlying  rocks  then  containing 
iron,  as  most  of  the  upper  carboniferous  strata  had  been 
removed  by  denudation ;  and  if  the  iron  solution  had  come 
along  the  surface  from  a  distance,  surely  it  would  have  found 
its  way,  as  liquids  do  now,  along  valleys  and  other  similar 
depressions  in  the  ground,  and  would  consequently  attack  the 
limestone  along  those  valleys,  so  that  there  should  be  some 
intimate  connection  between  the  old  valleys  and  the  present 
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haematite  deposits ;  but  no  such  connection  is  found.  On  the 
contrary,  some  deposits  occur  on  ridges  separating  valleys, 
others  on  hillsides,  and  bearing  in  mind  that  the  physical 
features  of  a  district  may  have  been  greatly  altered  since  the 
Permian  era,  yet  it  is  difficult  to  conceive  how,  or  by  what 
means,  the  face  of  these  districts  can  have  been  so  changed  in 
certain  parts,  that  a  valley  exists  now  where  there  was  formerly 
a  hill,  and  vice  versd. 

Again,  if  overlying  rocks  had  been  the  source  of  the  iron, 
it  might  be  expected  that  ore  would  more  frequently  be  found 
in  the  beds  of  limestone,  and  other  rocks  near  the  surface,  as 
they  would  first  intercept  the  descending  solution.  It  might 
also  be  expected  that  deposits  found  in  the  neighbourhood  of 
Urswick  would  be  quite  as  large  as  those  found  nearer  Haume. 
That  the  fractures  in  the  rocks  near  Haume  were  larger  than 
at  Urswick  matters  little ;  for  the  merest  joint  at  either  place 
would  soon  be  widened  by  the  action  of  the  iron  solution, 
and  the  precipitated  material  would  for  a  long  time  be  so 
porous  that  it  would  offer  very  little  resistance  to  the  per- 
colating waters,  so  that  a  difference  of  a  few  inches  in  the 
width  of  the  primary  joint  would  not  affect  the  ultimate 
size  of  a  deposit  The  latter  is  rather  a  question  of  circu- 
lation, for  it  is  quite  clear  that  the  more  rapidly,  within 
certain  limits,  a  mineral  solution  passes  through  the  rocks,  the 
greater,  in  any  given  time,  will  be  the  precipitate  resulting  from 
the  chemical  action  of  that  solution  on  the  rocks  through  which 
it  passes.  Now,  there  might  be  a  better  circulation  at  Urswick 
than  near  Haume ;  at  any  rate,  it  is  impossible  to  say  that  it 
was  not  quite  as  good,  nor  is  it  possible  to  show  that  the  con- 
ditions promoting  circulation  were  better  at  the  one  place  than 
at  the  other.  But  there  is  another  difficulty  in  the  way  of 
supposing  the  iron  in  these  deposits  to  have  come  from  above. 
Ordinary  river  water  contains  the  merest  traces  of  iron.  Spring 
water,  as  a  rule,  not  more  than  i  part  in  400,000.  Chalybeate 
springs,  sometimes,  only  hold  as  much  as  1  part  in  3,500,  but 
they  soon  deposit  a  large  proportion  of  it  on  coming  to  the 
surface. 
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If  the  salt  of  iron  which  effected  the  replacement  be 
supposed  to  have  come  from  below  in  a  gaseous  condition, 
and  to  have  been  dissolved  before  reaching  the  surface  in 
the  waters  circulating  through  the  rocks  in  the  neighbour- 
hood of  Haume,  Blackcombe,  and  Dent,  where,  as  already 
pointed  out,  it  was  most  reasonable  to  look  for  volcanic 
emanations,  then  the  whole  of  the  facts  presented  by  the 
distribution  of  the  haematite  deposits  of  these  districts 
become  as  simple  and  as  easily  understood  as  any  other 
geological  proposition.  It  is  known  that  perchloride  of  iron 
dissolves  in  water  with  considerable  evolution  of  heat,  so 
that  there  would  be  the  high  temperature  which  it  has  been 
shown  is  necessary  for  the  dehydration  of  the  precipitated 
peroxide  of  iron.  Then  again,  circulation  being,  as  a  rule, 
greater  along  lines  of  fracture  than  through  the  body  of  the 
rock,  the  occurrence  of  deposits  by  the  side  of  faults  is  easily 
understood;  and  since  the  iron  solution  would  attack  the 
limestone  as  soon  as  it  was  brought  into  contact  with  it,  and  as 
it  would  be  most  readily  brought  into  such  contact  along  lines 
of  fracture  near  its  source,  the  reason  for  the  localisation  of  the 
Furness  deposits  around  the  high  ground  at  Haume,  and  along 
the  two  main  fractures  traversing  the  district,  is  at  once 
apparent.  By  the  time  the  solution,  in  its  course  through  the 
rocks,  reached  Urswick,  and  the  more  eastern  parts  of  the 
district,  it  would  be  robbed  of  most  of  its  iron. 

At  Millom  and  Cleator  the  limestone  band  is  so  narrow  that 
it  is  impossible  to  say  whether  or  not  there  is  a  corresponding 
diminution  in  the  size  of  the  deposits,  as  the  distance  from  the 
source  of  the  iron  increases.  But  in  viewing  the  deposits 
in  this  connection,  there  naturally  arises  one  most  important 
question:  Why  is  it,  seeing  that  the  carboniferous  limestone 
is  resting  on  the  Skiddaw  slate  all  the  way  from  Egremont 
to  Cockermouth,  that  haematite  occurs  most  abundantly 
between  Egremont  and  Rowrah?  The  explanation  of  that 
fact  is  probably  as  follows :  The  boundary  between  the  Skid- 
daw  slate  and  the  large  area  of  volcanic  rocks  on  the  south  is 
known  to  be  a  faulted  boundary.    There  is  thus  adjacent  to  the 
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Whitehaven  haematite  area  at  least  one  important  fracture  in 
these  older  rocks.  Then  again,  from  Egremont  to  Rowrah  the 
carboniferous  limestone  is  very  much  faulted,  whilst  between 
Rowrah  and  Cockermouth  very  few  faults  occur.  These  facts 
seem  to  indicate,  that  the  uplifting  action  which  produced  the 
faults  was  greater  near  Egremont  than  in  the  direction  of 
Cockermouth,  and  therefore,  in  addition  to  the  rocks  being 
more  seriously  dislocated  at  the  former  than  at  the  latter  place 
(thereby  facilitating,  to  a  greater  extent,  the  action  of  the 
aqueous  solution  on  the  rocks),  there  would  be  a  greater 
number  of  passages  formed  for  the  escape  of  the  iron  from 
below.  So  that,  whether  attention  is  turned  to  the  distribution 
of  the  deposits  in  the  Whitehaven  district  or  of  those  in 
Furness,  the  suggestion  is  irresistibly  forced  upon  us  that  the 
source  of  the  iron  was  volcanic. 

The  gradual  diminution  downwards  in  the  size  of  the 
deposits  is  probably  explained  by  the  fact  that  the  circulation 
of  underground  water  is  greatest  near  the  surface,  and  that 
it  gradually  diminishes  downwards  until  a  plane  is  arrived  at 
where  there  would  be  no  circulation  at  all  but  for  differences 
of  underground  temperature.  This  downward  diminution  of 
circulation  must  necessarily  produce  a  downward  decrease  in 
the  precipitate,  resulting  from  the  chemical  action  of  any 
mineral  waters  passing  through  the  rocks.  Thus  the  wedge- 
like form  of  mineral  veins  is  not,  as  is  often  supposed,  a  proof 
that  they  are  filled  fissures,  but  is  a  natural  consequence  of 
the  differences  in  the  circulation  of  underground  waters. 

The  source  of  the  iron  being  most  probably  volcanic,  it  is 
not  likely  that  the  replacement  was  effected  by  a  solution  of 
carbonate  of  iron,  as  that  salt  is  easily  decomposed  by  heat, 
and  is,  therefore,  not  found  among  volcanic  emanations ;  but 
the  perchloride  of  iron  is  one  of  the  commonest  of  volcanic 
products.  According  to  the  preceding  calculations,  however, 
it  appears  that  a  deposit  of  haematite  produced  by  the  action 
of  perchloride  of  iron  on  limestone,  would  only  contain  about 
half  as  much  perchloride  of  iron  as  is  actually  found  in  the 
deposits  of  West  Cumberland  and  Furness.     But  it  must  be 
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borne  in  mind  that  perchloride  of  iron  has  the  power  of 
holding  in  solution  a  considerable  quantity  of  peroxide  of  iron, 
which,  when  the  critical  stage  is  reached  in  the  reaction,  is 
deposited  along  with  the  proportion  of  iron  locked  up  in  the 
perchloride;  so  that  the  deficiency  indicated  by  the  calcu- 
lations may  have  been  supplied  in  that  way,  or  it  may  have 
been  precipitated  by  lime  or  other  salts  in  the  water.  In 
Watt's  "  Dictionary  of  Chemistry,"  1875,  vol.  iii.,  p.  379,  there 
occurs  the  following  interesting  statement  on  the  solubility  of 
peroxide  of  iron  in  perchloride  of  iron  : — 

"  Soluble  ferric  oxychlorides,  or  basic  chlorides,  are  obtained  by  adding 
recently  precipitated  ferric  hydrate  to  aqueous  ferric  chloride.  The 
hydrate  dissolves  in  considerable  quantity,  and  a  deep  red  solution  is 
formed  containing  from  five  to  six  or  seven  molecules  of  ferric  oxide  to 
one  molecule  of  the  chloride.  The  solutions  may  be  heated  or  diluted 
with  water  without  decomposing;  those  which  contain  the  larger 
quantities  of  oxide  deposit  a  portion  of  it,  however,  on  the  addition  of 
certain  salts,  and  when  evaporated  leave  residues  which  do  not  re-dissolve 
in  water.  Compounds  containing  not  more  than  10  at  Fe,Os  to  1  at 
Fe,Cl6  are,  on  the  contrary,  perfectly  soluble  in  water  after  evaporation. 
(Phillips'  Phil.  Mag.,  [3]  viii.,  406;  Ordway  Sill.  Am.  [2]  xxxi.,  197; 
Bechamp,  Ann.  Ch.  Phys.  [3]  lvi.,  306,  lvii.,  296.") 

The  sand  and  clay,  so  common  in  the  Furness  deposits, 
have  clearly  been  deposited  in  loughs  and  caverns  made  in 
the  limestone  subsequently  to  the  formation  of  the  ore.  The 
porous  nature  of  the  ore  and  its  proximity  to  the  surface,  in 
such  deposits  as  contain  clay,  would  favour  the  admission  of 
carbonated  waters  to  the  limestone  surrounding  it  Thus, 
caverns  would  be  formed  on  the  outside  of  the  ore,  which 
would  need  only  to  be  filled  with  argillaceous  and  arenaceous 
materials  to  present  the  appearance  of  the  pockets  of  sand  and 
clay,  which  are  found  along  the  outside  of  the  ore  in  the 
dish-like  deposits.  It  is  not  a  little  interesting  to  contrast  the 
heterogeneous  character  of  the  materials  contained  in  these 
cavernous  deposits  with  the  complete  absence  from  the  ore  of 
any  foreign  matter  whatever,  except  such  as  may  have  been 
introduced  chemically. 

The  broken  nature   of  the  ore  found  in  nearly  all  the 
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shallow  deposits  of  Furness  is  probably  the  result  of  some 
action  that  has  taken  place  since  the  ore  was  consolidated. 
This  is  shown  by  the  occurrence  in  the  deposits  of  broken 
pieces  of  hard  ore  having  a  kidney-like  form  where  there  is 
now  no  lough,  nor  any  indication  of  one,  but  the  kidney  ore 
itself.  This  result  might  have  been  brought  about  by  the 
intense  frost  which  prevailed  during  the  glacial  period.  Water 
collecting  in  the  loughs  and  pores  of  the  ore,  becoming  frozen, 
would,  if  there  were  cavernous  spaces  or  caverns  filled  with 
soft  material  round  the  outside,  in  all  probability  break  the  ore 
to  pieces,  as  then  the  resistance  to  outward  pressure  would  be 
little,  if  any,  more  than  the  tensile  strength  of  the  ore;  or, 
it  may  be  that  the  breaking  up  of  the  mass  is  due  to  the 
dissolution  of  innumerable  small  pieces  of  limestone  originally 
locked  up  in  the  ore. 

The  clay  which  is  found  in  the  interstices  of  the  broken 
ore  has  probably  been  carried  down  by  water,  recently,  from 
the  overlying  glacial  deposits. 

In  applying  this  explanation  to  the  Millyeat  ore,  the  nature 
of  the  bed  before  the  replacement  was  effected  cannot  posi- 
tively be  pointed  out ;  but  from  the  thin  irregular  layers  of 
limestone  found  in  it,  and  the  large  quantity  of  lime  which 
exists  in  a  diffused  state  in  some  of  the  poorer  ore,  it  seems 
extremely  probable  that  it  was  originally  a  limestone.  The 
same  may  also  be  said  of  the  nodules  in  the  millstone  grit. 

As  regards  Water  Blean  deposit  there  is  a  difficulty.  Mr. 
Binney  (as  already  mentioned)  states  that  he  has  seen  several 
fossil  coal  plants  converted  into  haematite,  which  had  come 
from  this  deposit.  Now  if  the  ore  had  replaced  the  original 
limestone,  the  supposed  coal  plants  must  have  been  imbedded 
in  that  limestone.  That  is,  however,  impossible,  seeing  that  the 
limestone  is  of  Silurian  age ;  so  that  it  must  be  concluded  either 
that  coal  plants  have  not  been  found  in  the  deposit  at  all,  or, 
if  so,  that  the  ore  was  not  formed  by  replacement  The  author 
chooses  the  former  alternative,  for,  as  already  stated,  he  does 
not  believe  that  the  structures  referred  to  by  Mr.  Binney  are 
plants  off  any  kind,  but  simply  what  is  known  as  "  ring  ore  " ; 
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whilst  the  "growing  together"  of  the  limestone  and  ore,  in 
these  deposits,  exactly  as  is  seen  in  the  carboniferous  limestone 
deposits,  convinces  him  fully  that  this  deposit,  like  the  others, 
was  formed  by  replacement. 

The  veins  in  the  granite,  syenite,  and  Skiddaw  slate  are  also 
more  easily  explained  on  the  assumption  that  they  were  formed 
by  replacement,  for  then  the  difficulty  of  keeping  up  the  hang- 
ing wall  whilst  the  ore  was  being  deposited  has  not  to  be  con- 
tended with,  as  is  the  case  when  the  ore  is  supposed  to  have 
been  deposited  in  fissures.  Besides,  by  this  supposition,  there 
is  an  easy  explanation  of  the  occurrence  of  ore  in  such  forms 
as  shown  in  Fig.  2,  of  those  pieces  of  slate  in  the  veins  of 
Kelton  and  Knockmurton,  and  of  the  transition  from  granite 
to  ore,  mentioned  as  sometimes  occurring  in  the  veins  of 
Eskdale ;  whilst  every  other  feature  of  these  veins  may  be  more 
simply  explained  by  replacement  than  on  the  assumption  that 
they  are  filled  fissures.  The  substitution  in  this  case  was  pro- 
bably effected  indirectly,  the  place  of  the  original  rock  being 
first  taken  by  dolomite,  which  was  subsequently  removed  and 
replaced  by  haematite.  Veins  of  dolomite  are  not  uncommon 
in  the  Ash  rocks  of  Eskdale,  and  they  present  all  the  features 
of  haematite  veins — the  horses,  the  loughs,  and  the  same  lami- 
nated appearance.  From  the  manner  in  which  the  dolomite 
of  these  veins  is  traversed  by  strings  of  haematite,  it  is  clearly 
shown  that  the  former  mineral  was  in  the  vein  first.  If, 
therefore,  it  be  assumed  that  all  haematite  veins  in  argillaceous 
and  silicious  rocks  were  once  veins  of  dolomite,  their  re- 
placement would  easily  be  explained  in  the  manner  already 
described  when  speaking  of  the  deposits  in  the  carboniferous 
limestone.  This  suggestion  is  to  some  extent  borne  out 
by  No.  1  analysis  of  ore,  from  Nab  Ghyll  vein  in  Eskdale, 
showing  as  it  does  2318  per  cent,  of  lime,  and  9*04  of 
magnesia.  But  further,  the  writer  has  obtained  pieces  of  ore 
from  this  vein  which  were  "  grown  to  "  dolomite  in  such  a  way 
that  it  was  impossible  to  say  where  the  haematite  ended  and 
the  dolomite  began.  Let  us  now  pass  to  a  consideration  of 
the  origin  of 
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The  Iron  Ores  of  the  Secondary  Rocks. 

The  remarks  to  be  made  under  this  head  are  mainly  a 
reprint  of  part  of  the  writer's  paper  on  "  The  Iron  Ores  of  the 
English  Secondary  Rocks." 

Although  all  the  deposits  that  have  been  described  as 
occurring  in  these  rocks  are,  at  their  outcrops,  more  or  less 
hydrated  peroxides,  yet  there  is  scarcely  room  for  doubt  that 
originally  they  existed  as  carbonates,  and  that  they  have  been 
altered  by  the  action  of  oxygenated  water  in  accordance  with 
the  reaction  indicated  by  the  following  chemical  formula : — 

4FeCOs  +  O,  +  3H20  =  Fe4Hfl09  +  4Co,. 

In  other  words,  the  carbonate  of  iron  has  been  decomposed, 
carbonic  acid  given  off,  and  oxygen  and  water  taken  up.  One 
of  the  results  of  this  reaction  is  a  loss  of  volume  of  about  18 
per  cent.  As,  however,  the  ore  contains  a  considerable  per- 
centage of  impurities  which  would  be  unaffected  by  the  above 
reaction,  the  loss  of  volume  would  not  be  so  great  as  just  stated. 
For  the  purpose  of  illustration,  let  it  be  assumed  that  the  con- 
stitution of  the  unaltered  ore  was  as  follows  : — 


Carbonate  of  i  ron 
Silica,  alumina,  lime,  etc. 


Percentage  Weight. 
66 

34 


ioo 


The  diminution  of  volume  resulting  from  the  alteration  of 
this  ore,  in  accordance  with  the  above  formula,  would  be  about 
12  per  cent.  Thus  an  explanation  of  the  open  joints  and  the 
increased  porosity  of  the  ore  at  the  outcrop  is  obtained,  and 
it  is  also  seen  why  the  ore  is  more  altered  and  less  compact 
as  it  is  more  accessible  to  atmospheric  water,  and  conversely, 
why  it  is  more  compact  and  less  altered  as  its  protection 
from  the  action  of  such  water  increases,  as  set  forth  in  the 
detailed  descriptions  of  the  deposits  of  Mid-Lincolnshire  and 
Northamptonshire. 

The  unequal-  distribution  of  iron  in  the  altered  part  of  the 
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bed — that  is,  in  the  alternating  bands  of  yellow  and  brown  ore — 
is  a  problem  of  more  difficulty,  but  it  is  clearly  connected 
with  the  jointing,  and,  therefore,  most  probably  with  the  circu- 
lation of  atmospheric  waters.  From  the  analyses  given  of  the 
different  kinds  of  ore  occurring  in  the  deposit  at  the  base  of 
the  inferior  oolite  in  Mid-Lincolnshire,  and  which  may  be  con- 
sidered as  typical  of  the  several  varieties  of  ore  in  most  of  the 
deposits,  it  appears  that  the  yellow  ore  contains  less  and  the 
brown  ore  more  iron  than  the  green  or  grey  ore  (whence  they 
were  both  derived).  The  iron  in  the  latter  descriptions  of  ore 
is,  however,  distributed  much  more  evenly  throughout  the 
mass,  or  perhaps  it  is  more  accurate  to  say  that  the  variations 
are  not  nearly  so  great  or  so  sudden  as  in  the  weathered 
portion  of  the  bed.  The  existence  of  the  green  and  grey 
cores,  and  their  increasing  size  as  "day"  is  left,  shows  that 
the  alteration  has  been  gradual,  whilst  such  sections  as  those 
exhibited  in  the  mine  at  Lincoln  prove  that  it  has  taken  place, 
first  along  the  lines  of  jointing,  the  ore  adjoining  the  main 
joints  first  showing  evidence  of  the  change,  and  afterwards  that 
traversed  by  the  smaller  divisional  planes.  There  being,  as 
already  described,  three  sets  of  joints — the  bed  joints  and  two 
sets  of  vertical  joints  nearly  at  right  angles  to  one  another — the 
ore'  is  split  up  into  cubes  and  parallelopipedons  of  various 
sizes,  so  that  oxygenated  water  acting  along  these  joints  would, 
in  the  course  of  time,  produce  the  irregular  cuboidal  and 
spheroidal  structure  described  in  the  various  parts  of  Chapter 
VII.,  Part  II. 

The  alternation  of  the  yellow  and  brown  ore  seems  to  be 
due  to  the  intermittent  character  of  the  alteration,  the  brown 
bands  denoting  the  limits  of  the  various  stages  in  the  change. 
This  supposition  is  supported  by  the  fact  that  one  of  these 
brown  bands  is  always  found  surrounding  the  green  and  grey 
cores,  the  only  part  of  the  original  bed  that  now  remains. 
From  the  manner  in  which  the  proportion  of  brown  ore  to 
yellow  decreases  as  the  distance  from  the  outcrop  increases,  it 
is  not  improbable  that  the  first  formed  peroxide  may,  by  the 
alternate  action  of  organic  matter  and  oxygenated  water,  have 
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undergone  repeated  partial  dissolutions  and  precipitations,  by 
which  the  relative  quantity  of  brown  ore  has  been  increased. 
The  yellow  ore  being  much  more  porous  than  the  brown  ore, 
and,  therefore,  much  more  easily  traversed  by  circulating 
waters,  it  is  natural  to  suppose  that  any  subsequent  action  on 
the  peroxide  after  its  first  formation  would  be  in  this  yellow 
ore,  and  that  as,  in  the  case  of  its  first  precipitation,  a  brown 
border  was  produced,  so  it  is  probable  that  at  each  succeeding 
precipitation  this  border  would  be  increased,  until  ultimately 
the  yellow  ore  would  disappear  entirely,  having  all  been  con- 
verted into  brown  ore. 

The  magnetic  character  of  the  deposit  at  Rosedale  West 
seems  to  be  due  to  the  partial  peroxidation  of  the  carbonate 
in  the  oolitic  grains.  The  "  seam  of  the  district, "  overlying 
the  magnetic  deposit,  appears  also  to  have  been  similarly 
altered,  but  to  a  less  extent. 

Behind  these  questions  there  is  a  further  one  which  naturally 
suggests  itself,  and  that  is,  How  did  the  carbonate  originate  ? 
Most  of  the  writers,  if  not  all,  who  have  entered  upon  this  part 
of  the  subject  are  agreed  that  the  ores  were  not  formed  con- 
temporaneously with  the  rocks  in  which  they  occur,  but  after- 
wards. There  is,  however,  less  agreement  among  them  as  to 
the  manner  in  which  the  ores  were  deposited.  A  few  quota- 
tions will  make  this  clear.  Mr.  Sorby,1  writing  in  1856  on 
the  Cleveland  main  seam,  said  :  "  An  examination  of  the  com- 
position of  the  shells  of  the  seam  shows  that  whilst  some  of 
them  still  retain  their  original  composition — almost  entirely 
carbonate  of  lime — others  have  changed  into  carbonate  of 
iron." 

"The  microscopical  investigation  of  a  thin  transparent 
section  of  the  stones  shows  far  more  clearly  that  the  minute 
fragments  of  shell  have  been  similarly  altered,  the  replacing 
carbonate  of  iron  extending  as  yellowish,  obtuse,  rhombic 
crystals  from  the  outside  to  a  variable  distance  inwards,  often 
leaving  the  centre  in  its  original  condition  as  clear  colourless 

1  Proceedings  of  the  Geological  and  Polytechnic  Society,  West  Riding 
Yorkshire,  1856-7. 


ORIGIN  OF  ORES  OF  SECONDARY  ROCKS.        315 

carbonate  of  lime,  though  in  many  instances  the  whole  is 
changed.  The  oolitic  grains,  likewise,  have  such  peculiarity 
as  indicates  that  they  were  altered  after  deposition." 

"The  peculiarities  in  microscopical  structure,  already  de- 
scribed, prove  that  the  same  change  has  occurred  in  the  case  of 
a  large  proportion  of  the  constituents  of  the  Cleveland  stone." 

"Independent,  then,  of  the  silica  and  alumina  resulting 
from  the  clay  so  commonly  found  in  limestone,  and  the  phos- 
phate of  iron,  the  general  composition  of  the  ironstone  is  very 
similar  to  that  of  the  altered  shell,  so  that  as  far  as  the  chemical 
composition  is  concerned,  the  same  circumstances  that  must 
have  altered  the  shell  may  have  changed  an  ordinary  lime  into 
such  a  rock  in  the  manner  indicated  by  the  microscopical 
structure  to  have  really  been  the  case." 

Mr.  S.  Sharpe,1  speaking  of  the  Northamptonshire  ore  in 
1870,  says:  "The  numerous  living  organisms,  of  which  these 
fossils  (many  of  them,  as  it  were,  cast  in  iron)  are  enduring 
monuments,  could  not  possibly  have  existed  in  waters  charged 
with  iron  to  the  degree  apparently  indicated  by  the  present 
condition  of  the  rock. .  The  iron  must  have  been  introduced 
after  the  deposition  of  the  sedimentary  material,  by  infiltration 
doubtless,  but  whence  derived  is  a  problem  yet,  I  think,  to  be 
solved." 

Mr.  J.  W.  Judd,2  writing  on  "  The  Mode  of  Formation  of 
the  Northamptonshire  Iron  Ore,"  says:  "The  abundance  of 
molluscan  remains  in  some  of  the  beds  of  ironstone,  indicating, 
as  we  have  seen,  that  the  animals  lived  and  died  upon  the  spot, 
precludes  the  idea  that  the  medium  in  which  the  beds  were 
deposited  could  have  been  a  strong  solution  of  iron." 

"  The  fact  that  many  of  the  shells  in  the  unweathered  rock 
are  more  or  less  completely  converted  into  carbonate  of  iron 
is,  as  Mr.  Sorby  has  shown  in  the  case  of  the  Cleveland  ore, 
a  strong  proof  of  the  metamorphic  character  of  the  rock." 

"  It  would  be  easy  to  show,  were  it  necessary,  from  the 
immense  amount  of  denudation  which  has  taken  place  in  the 

1  Quarterly  Journal  of  the  Geological  Society,  vol.  xxvi.,  p.  13. 
*  "Geology  of  Rutland,"  Survey  Memoir, 
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district,  that  the  beds  of  iron  ore  now  exposed  to  our  observation 
must  have  been  long  buried  at  great  depths  in  the  earth.  During 
this  period,  one  of  almost  inconceivable  duration,  water  con- 
taining carbonate  of  iron  would  appear  to  have  constantly 
penetrated  the  porous  sandy  rock,  and  thus  gradually  effected 
its  metamorphosis  into  an  iron  ore.  The  action  of  this  water 
would  be  twofold.  In  the  first  place,  it  would  deposit  around 
the  grains  of  sand  and  in  all  the  interstices  of  the  rock  the 
dissolved  carbonate  of  iron ;  and  in  the  second  place,  acting 
under  the  favourable  conditions  of  great  pressure  and  high 
temperature,  it  would  dissolve  a  portion  of  the  silica  and  other 
ingredients  of  the  rocks.  Of  the  matter  thus  dissolved  one 
portion  appears  to  have  been  re-deposited  in  new  combinations, 
and  with  the  carbonate  of  iron  to  have  formed  the  oolitic 
concretions,  while  the  remainder  was  probably  carried  away  in 
solution." 

Mr.  W.  H.  Hudleston,1  in  reporting  an  excursion  of  the 
Geologists'  Association  to  Northamptonshire,  suggests  that  the 
ore  there  has  been  formed  by  the  replacement  of  limestone. 
He  says :  "  It  must  be  borne  in  mind  that  most,  if  not  all,  of 
these  oolitic  ironstones,  either  in  Yorkshire  or  Northamptonshire, 
are  overlain  by  porous  sandy  beds,  which  frequently  contain 
considerable  traces  of  carbonaceous  matter.  This  probably  is 
but  a  vestige  of  what  once  existed  in  the  peaty  beds  accom- 
panying '  estuarine '  conditions.  Layer  after  layer  of  micaceous 
sands,  rich  in  iron,  have  been  permeated  by  organic  acids,  the 
products  of  the  decomposition  of  these  vegetable  masses,  which, 
attacking  the  mica  and  any  such  basic  minerals  which  might 
be  present,  removed  their  more  soluble  constituents,  and  thus, 
by  perpetually  exhausting  the  sands,  left  those  bleached  and 
partly  coherent  masses  which  so  often  overlie  the  ironstone 
beds.  This  is  probably  one  source  of  the  iron,  as  the  solution 
originating  in  the  manner  described  above,  and  the  ultimate 
decomposition  of  which  would  most  probably  result  in  the 
formation  of  carbonates,  might  possibly,  in  the  presence  of  an 

1  Proceedings  of  the  Geologists'  Association,  No.  IV. 
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excess  of  carbonic  acid,  decompose  and  replace  any  lime 
carbonates  they  might  meet  with  in  their  descent.  The  pre- 
sence of  an  impervious  bed  of  clay  at  the  base  of  such  rocks 
would  materially  facilitate  the  operation  by  keeping  the  original 
oolite  in  a  sort  of  bath  containing  a  solution  of  the  replacing 
salt." 

So  far  as  the  Northampton  ore  and  the  Cleveland  main 
seam  are  concerned,  which  appear  to  be  the  only  deposits  in 
the  secondary  rocks  that  have  been  considered  from  this  point 
of  view,  there  is  a  consensus  of  opinion  that  they  were  not 
formed  contemporaneously  with  the  enclosing  rocks,  but 
subsequently.  With  that  opinion  the  writer  agrees  entirely, 
and  would  extend  it  to  all  the  other  deposits  of  the  secondary 
rocks  referred  to  here.  It  is  altogether  incredible  that  the 
marine  organisms,  whose  remains  occur  more  or  less  abun- 
dantly in  most  of  these  deposits,  could  have  lived  in  water 
holding  in  solution  such  a  quantity  of  iron  as  would  be  necessary 
to  convert  their  shells  into  a  carbonate  of  that  metal.  Besides, 
as  will  be  shown  in  the  sequel,  it  is  quite  unnecessary  to  assume 
anything  so  much  opposed  to  experience. 

Reverting  to  the  preceding  quotations,  it  is  found  that 
Mr.  Sharpe  does  not  enter  into  particulars  as  to  the  manner 
in  which  he  conceives  the  Northamptonshire  deposits  to  have 
originated.  Mr.  Judd,  however,  does.  He  assumes  the  bed 
to  have  consisted  originally  of  sand,  and  that  the  carbonate  of 
iron  was  deposited  partly  in  the  interstices  of  the  sand  and 
partly  in  place  of  some  of  it.  Mr.  Judd  considers  that,  under 
certain  conditions  of  heat  and  pressure,  some  of  the  sand  might 
have  been  dissolved.  The  improbability  of  such  a  mode  of 
origin  is,  in  the  writer's  estimation,  something  enormous.  He 
cannot  conceive  of  silica  being  dissolved  by  any  carbonated 
solution  of  iron  which  did  not  also  remove  every  vestige  of  lime 
in  the  inorganic  remains.  As  a  matter  of  fact,  however,  many 
of  the  shells  met  with  in  the  ore  are  in  their  normal  limy  con- 
dition. Mr.  Judd's  explanation,  moreover,  does  not  afford  any 
clue  to  the  oolitic  structure  of  the  ore,  nor  to  the  fact  of  its 
containing  alumina,   lime,   and  other  ordinary   rock-forming 
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minerals,  in  proportions  which  do  not  vary  greatly  in  different 
areas,  and  which  do  not  seem  to  be  influenced  in  any  way  by 
the  varying  nature  of  the  overlying  rocks ;  for  instance,  the 
proportions  of  silica,  alumina,  lime,  and  magnesia  do  not  differ 
materially  in  the  ores  of  Northampton  and  Mid-Lincoln, 
notwithstanding  that  the  former  is  overlain  principally  by  sand, 
whilst  the  latter  is  covered  by  a  thick  mass  of  limestone.  In 
North  Yorkshire  the  same  bed  is  overlain  by  an  enormous 
thickness  of  sandstones  and  shales,  yet  the  proportions  of 
alumina,  etc.,  in  the  ore  are  almost  the  same  as  at  North- 
ampton; and  the  statement  is  not  sensibly  affected  if  the 
comparison  is  extended  to  the  ores  of  the  middle  lias,  which 
are  everywhere  overlain  by  clay.  Mr.  Judd's  explanation  is 
therefore  insufficient. 

The  suggestions  of  Mr.  Sorby  and  Mr.  Hudleston  as  to 
the  origin  of  the  Cleveland  and  Northamptonshire  ore  respect- 
ively, are  that  they  were  produced  by  the  replacement  of  an 
ordinary  limestone.  Mr.  Hudleston  also  considers  that  the 
ironstone  of  the  dogger  series  of  Yorkshire  originated  in  this 
way.1  Both  these  geologists  found  their  conclusions  on  the 
fact  that  the  ores  contain  shells  which  are  partly  or  wholly 
converted  into  carbonate  of  iron. 

This  explanation,  which  commends  itself  to  the  writer, 
was  arrived  at  independently  by  him,  and  he  would  extend 
it  to  each  of  the  deposits  mentioned  as  occurring  in  the 
secondary  rocks.  His  reasons  for  so  doing  are  as  follows : 
In  the  first  place,  there  is  such  a  great  similarity  in  the  cha- 
racter of  the  different  deposits,  that,  d  priori,  it  is  extremely 
probable  they  all  originated  in  the  same  way,  and,  as  will 
be  hereafter  pointed  out,  at  least  one  peculiar  feature  is 
common  to  them  all.  Let  it  be  assumed  that  originally  the 
ore  beds  consisted  of  an  ordinary  oolitic  limestone,  the  com- 
position of  which  was  similar  to  that  of  some  of  the  lower  beds 
of  the  Lincolnshire  limestone,  an  analysis  of  one  of  which*  as 
it  occurs  at  Lincoln,  is  given  opposite : — 
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Combined  water  4*87 

Peroxide  of  iron  8*46 

Oxides  of  alumina  and  magnesia      2*04 

A^lIIlw  •  •  •  •••  •••  ■••  •••  •  •  »  •  •  •  4^    • ^ 

Magnesia          ...         ...         ...         ...        ...         ...  '58 

Carbonic  acid 30*96 

Phosphoric  do.             ...         ...         ...         ...         ...  *35 

Sulphuric  do.    ...         ...        ...         ...         ...         ...  trace 

Insoluble  silicious  matter       10*56 

IOO'OO 


As  this  limestone  was  almost  resting  on  the  ore,  it  may, 
to  a  small  extent,  have  been  subjected  to  the  same  metamorphic 
action  as  is  assumed  in  the  case  of  the  latter,  so  that  to  arrive 
at  its  original  composition  the  peroxide  of  iron  and  part  of  the 
combined  water  should  be  struck  out  from  the  above  analysis, 
and  the  lime  increased.  There  would  then  be  a  stone  con- 
sisting mainly  of  carbonate  of  lime,  but  containing  also  about 
10*56  per  cent,  of  silica,  2*04  of  alumina,  and  '58  of  magnesia, 
with  a  small  quantity  of  phosphoric  acid  and  a  trace  of 
sulphuric  acid.  The  percentages  of  silica  and  alumina  in  this 
stone,  it  will  be  seen,  on  reference  to  the  analysis  previously 
given,  are  less  than  they  are  in  the  Mid-Lincolnshire  ore ;  but 
this  is  only  what  might  be  expected  from  the  decreasing 
proportion  of  these  materials  in  the  ore  itself,  from  the  bottom 
upwards,  as  shown  below  : — 


Silica. 

Alumina. 

Top-block  of  ore  bed 

•  •  • 

13*05 

3*08 

Bottom          „          ,, 

•  •  • 

1673 

372 

This  upward  decrease  of  silicious  and  aluminous  materials 
and  corresponding  increase  of  calcareous  matter  is  surely  to 
be  expected  in  a  bed  occupying  the  position  of  the  Mid- 
Lincoln  iron  ore,  which  forms,  as  it  were,  a  transitional  stage 
between  the  upper  lias  clay  and  the  Lincolnshire  limestone. 

Now,  as  already  pointed  out,  all  the  ores  that  have  been 
described  in  Chapter  VII.,  Part  II.,  occupy  such  a  position,  with 
reference  to  masses  of  clay,  that  the  limestones  which  are 
assumed  to  have  preceded  the  ore,  would,  in  all  probability, 
be  more  silicious  and  aluminous  than  the  stone  of  which  the 
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analysis  is  given  above,  and  therefore,  so  far  as  these  materials 
were  concerned,  it  would  correspond  more  closely  with  the 
quantities  actually  existing  in  the  ores. 

The  replacement  of  carbonate  of  lime  by  carbonate  of  iron 
is  expressed  by  the  following  formula : — 

CaCo8  +  FeCa05  =  FeCo3  +  CaC,06 

One  of  the  results  of  this  reaction  is  a  diminution  of 
volume  equal  to  about  18  per  cent. ;  that  is  to  say,  the  pre- 
cipitated carbonate  of  iron  occupies  only  82  per  cent  of  the 
volume  of  the  limestone  which  it  replaces.  It  is  possible, 
however,  that  the  carbonate  of  iron  may  occupy  as  much  space 
as  the  limestone  which  it  replaced,  but  if  so,  it  must  be  more 
porous  by  18  per  cent.  In  the  case  of  an  ore  containing,  say, 
66  per  cent,  of  carbonate  of  iron,  the  porosity  would  only  be 
increased  12  per  cent.  Thus  an  explanation  is  obtained  of 
the  increased  porosity  of  the  bluish  and  greenish  carbonate 
of  iron  occurring  in  the  ore  beds,  as  compared  with  ordinary 
oolitic  limestone.  This  increase  is  partly  shown  in  the  follow- 
ing examples,  which  in  No.  1  give  the  relative  porosities  of 
a  piece  of  limestome  overlying  the  Mid-Lincoln  ore,  and  of 
one  of  the  greenish  nodules  in  the  ore  bed  there.  No.  2  is 
of  a  piece  of  limestone  underlying  the  ore  at  Holwell,  and  of 
one  of  the  green  cores  in  the  ore  at  the  same  place. 

Porosities. 
Percentage  of  Volume. 
•  No.  x.  No.  2. 

Limestone        H'5         ...        8*5 

Green  nodule ...         20*0        ...       17*0 

These  examples  do  not  show  so  great  a  difference  in  the 
porosities  as  was  stated  above,  but  that  is  easily  accounted  for 
when  it  is  borne  in  mind  that  limestones,  like  other  bodies,  vary 
in  their  porosities,  and  that  those  tested  were  not  from  the 
same  horizon  as  the  ores,  but  as  near  thereto  as  they  could  be 
obtained. 

The  increased  porosity  of  the  ores  in  their  carbonated  con- 
dition is  a  feature  of  all  the  deposits,  except  that  at  Seend, 
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which,  so  far  as  the  writer  knows,  contains  iron  only  as  a 
hydrated  peroxide.  It  is,  however,  extremely  probable  that  the 
ore  in  that  deposit  existed  originally  as  a  carbonate.  The  sand 
and  pebbles  associated  with  the  ore,  and  which  gave  the  de- 
posit an  entirely  different  character  from  any  of  the  others, 
demand  special  notice.  It  is  quite  impossible  that  this  bed 
could  have  existed  originally  as  an  ordinary  limestone,  nor  is 
such  a  supposition  necessary,  but,  just  as  a  considerable  quan- 
tity of  lime  is  found  cementing  together  the  silicious  grains  of 
the  sandstone  blocks  which  occur  amid  the  coarse  sand  under- 
lying the  ore  at  Claxby,  so  it  is  quite  possible  that  at  Seend, 
originally,  the  sand  and  pebbles  had  a  limy  matrix.  A  solution 
of  carbonate  of  iron  coming  into  contact  with  this  lime  would 
remove  it,  and  leave  carbonate  of  iron  in  its  place,  which,  by 
the  subsequent  action  of  oxygenated  water,  would  be  converted 
into  hydrated  peroxide,  as  is  now  seen. 

Referring  to  the  consideration  of  the  other  deposits,  it  will 
be  seen  that  by  the  action  of  a  carbonated  solution  of  iron  on 
an  oolitic  limestone,  containing  certain  proportions  of  silica, 
alumina,  and  magnesia,  an  explanation  is  obtained  of  the  follow- 
ing facts : — 

1.  The  partial,  and  in  some  cases  the  total  conversion  of 
the  shells  into  carbonate  of  iron.  This  is  a  natural  result  of 
the  process  of  replacement,  some  shells  being  more  difficult  to 
act  upon  than  others,  whilst  they  all  offer  more  resistance  to 
an  acid  solution  than  ordinary  limestone. 

2.  The  occurrence  of  thin  beds  of  limestone  in  the  ore 
at  Frodingham,  and  of  irregular  pieces  of  the  same  stone  in 
the  deposits  at  Caythorpe  and  Holwell,  all  of  which  graduate 
into  the  ore,  point  out  clearly  that  these  beds  of  ore  were 
formed  by  the  replacement  of  limestone.  The  occurrence  of 
limestone  also  at  the  bottom  of  each  of  these  deposits,  and  its 
irregular  junction  with  the  ore,  is  further  evidence  in  the  same 
direction,  as  is  also  the  variable  quantity  of  lime  existing  in  the 
ferruginous  parts  of  many  of  the  deposits.  Take,  for  example, 
the  ore  at  Wellingborough,  which  in  four  cases  gave  the  fol- 
lowing relative  quantities  of  lime  and  iron  : — 

21 
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Metallic  Iron  Lime 

per  cent.  per  cent. 

No.   I  53'20  '41 

ti    *  •••        •••        •••        .••        •••      37*^^  7*^3 

iy    3  •••        •••        ••■        •••        •••      35*37  11*70 

H    4  •••        •••        •■•        •••        •••      24*09  25*00 

The  inverse  proportion  of  the  lime  to  the  metallic  iron 
which  is  s,een  in  these  particulars  is  frequently  found  in  the 
Northampton  ore,  and  in  other  deposits  as  well.  Below  is  an 
illustration  of  it,  from  Hutton  old  mine  in  the  Cleveland  main 
seam : — 

Metallic  Iron       Lime 
per  cent.       per  cent. 
No.  1        34*75  3'8o 

iy2  ...  ...  ...  ...  ...  2o*<$4  4  *20 

»    3        •••        •••        •••        ••*        •••        ^7*45  7*39 

In  making  a  comparison  of  this  kind  the  ores  must  be 
taken  within  a  small  area,  otherwise  the  results  are  liable  to 
modification  from  the  variation  of  the  silica  or  alumina ;  for 
although,  as  a  rule,  these  minerals  are  more  constant  than  the 
lime,  yet  they  vary  considerably  at  times,  as  will  be  seen  on  refer- 
ence to  the  analyses  previously  given  in  Chapter  VII.,  Part  II., 
so  that  it  is  quite  possible  (if  the  ores  compared  were  from  a 
large  area)  to  have  a  small  metallic  yield  with  a  small  percent- 
age of  lime,  simply  because  the  silica  or  alumina,  or  both,  may 
be  unusually  high. 

3.  Another  fact  strongly  suggestive  of  replacement  is  that 
the  beds  in  the  different  ferruginous  horizons  frequently  assume 
the  character  of  ordinary  limestones.  In  illustration  of  this 
remark  reference  may  be  made  to  the  fact  that  the  marlstone 
rock-bed,  which  is  a  workable  ore  of  iron  in  part  of  Leicester- 
shire and  Oxfordshire,  occurs  throughout  most  of  the  intervening 
area,  and  in  the  south-west  of  Oxfordshire  as  a  limestone. 

4.  The  oolitic  character  of  the  ironstones,  as  well  as  the 
presence  in  them  of  variable  proportions  of  silica,  alumina, 
etc.,  are  a  direct  result  of  the  replacement  of  an  oolitic  lime- 
stone containing  varying  quantities  of  clay. 

5.  The    higher    metallic  yield  of   the  magnetic  ore    of 
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Rosedale  means  simply  that    the  preceding  limestone  was 
purer. 

One  further  question  remains,  and  that  is  the  source  of 
the  iron.  Mr.  Hudleston  has  suggested,  in  the  case  of  the 
Northampton  ore,  that  it  came  from  the  overlying  sands ;  he 
also  suggests  that  the  ore  of  the  dogger  series  of  Yorkshire 
originated  from  a  solution  of  iron  formed  in  the  sandstones 
and  shales  of  the  lower  estuarine  series  which  overlie  the  ore 
bed.  The  difficulty  of  accepting  these  suggestions  is,  that  the 
ore  of  Mid-Lincolnshire,  which  is  on  the  same  horizon  as  those 
of  Northampton  and  Yorkshire,  and  is  similar  to  them  in  all 
other  respects,  yet  differs  from  them  in  this,  that  it  is  overlain 
by  limestone. 

The  close  connection  of  all  these  deposits  with  large  masses 
of  clay  has  suggested  to  the  writer  that  the  source  of  the  iron 
may  have  been  in  these  clays.  The  Jurassic  rocks  rest 
almost  throughout  their  entire  course,  from  North  Yorkshire 
to  South  Dorsetshire,  on  the  red  irony  strata  of  the  Permian 
and  Trias;  and  there  is  little  doubt  that  the  denudation  of 
the  latter  rocks  contributed  largely  to  the  formation  of  the 
former.  On  this  point  the  writer  would  call  attention  to  the 
large  amount  of  magnesia  in  both  the  liassic  and  oolitic  ores 
of  Cleveland,  which  is  difficult  to  account  for,  unless  it  be 
supposed  that  the  limestones  which  preceded  these  ores 
were  mixed  with  materials  derived  from  the  large  area  of 
magnesian  limestone  to  the  north-west.  However  that  may 
be,  it  is  almost  certain  that  the  clayey  and  sandy  beds  of  the 
lias  and  oolite  were  derived  in  a  great  measure  from  the  red 
rocks  to  the  north-west.  Hence  the  large  quantity  of  iron  in 
them.  On  next  page  are  given  analyses  of  the  upper  and  lower 
lias  clays,  as  well  as  of  the  Kimmeridge  clay,  from  which  it 
will  be  seen  that  they  all  contain  a  large  quantity  of  iron. 

A  solution  of  carbonic  acid  would  dissolve  the  protoxide 
of  iron  in  the  clays,  and  this  solution,  in  its  circulating  move- 
ments through  the  rocks,  would  be  precipitated  by  the  lime- 
stones, which,  it  is  supposed,  occurred  at  the  top  and  bottom 
of  the  upper  lias  clay,  or,  as  in  the  case  of  Frodingham,  amid 
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Constituents. 
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the  clays  of  the  lower  lias.  The  alternation  of  the  deposits 
previously  pointed  out,  if  it  should  be  real,  may  have  resulted 
from  the  different  directions  taken  by  the  underground 
currents. 

Although  the  direct  source  of  the  iron  may  have  been  the 
clay  contiguous  to  the  deposits,  yet  the  writer  is  of  opinion  that 
its  original  source  was  volcanic,  that,  assuming  it  to  have  been 
derived  from  the  clays  as  suggested,  it  came  originally  to  the 
surface  at  the  time  the  haematite  deposits  of  Cumberland  and 
Lancashire  were  formed,  and  that,  in  the  first  instance,  it  was 
deposited  along  with  the  sands  and  shales  of  the  Permian  and 
Trias.  By  denudation,  these  latter  rocks  were  subsequently 
in  part  removed,  and  re-deposited  in  the  sedimentary  strata 
of  the  secondaries.  As  just  seen,  these  sediments  contain 
abundance  of  iron,  but  it  is  scattered  through  such  an  enormous 
mass  of  earthy  material  as  to  be  utterly  valueless  for  metal- 
lurgical purposes.  By  subsequent  chemical  action,  however, 
this  iron,  or  some  of  it,  would  assume  a  mobile  condition,  and 
circulate  with  the  underground  waters,  from  which  it  would  be 
precipitated,  in  a  concentrated  form,  by  the  limestones,  which, 
it  is  supposed,  preceded  the  ore  beds. 

It  is  possible,  however,  that  these  deposits  may  have  origi- 
nated   in  Tertiary  times    from   an  abnormal  circulation   of 
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ferruginous  waters.  The  middle  part  of  that  period,  we  know, 
was  marked  by  volcanic  activity,  and  it  may  have  been,  for 
that  reason,  just  as  great  an  Iron  Age  as  the  Permian. 

This  somewhat  lengthy  discussion  of  the  origin  of  the  West 
Cumberland  and  Furness  haematites,  and  the  limonites  and 
siderites  of  the  Secondary  rocks,  will  enable  us  to  deal  briefly 
with  the  remaining  ores  described  in  Part  II. 

Limonites  of  South  Wales  and  the  Forest  of  Dean. 

Sir  H.  T.  de  la  Beche,  writing  on  the  formation  of  the 
rocks  of  South  Wales  and  South-Western  England,1  says : — 
"The  Dean  Forest  section  presents  us  with  an  interesting 
local  accumulation  of  peroxide  of  iron  intermingled  with  the 
calcareous  deposits  of  the  time,  so  that  we  should  regard  the 
iron  as  having  constituted  as  much  a  portion  of  the  rocks,  in 
a  particular  part  of  the  general  series,  as  any  other  marked 
beds.  It  has  long  been  extensively  worked,  so  that  its  mode 
of  occurrence  is  well  understood.  It  ranges  in  variable  quan- 
tities but  always  in  its  relative  geological  position,  cropping  out 
round  the  basin-formed  mass  into  which  the  beds  of  Dean 
Forest  have  been  forced.  Though  haematite  iron  ore  is  known 
elsewhere  among  the  carboniferous  rocks  of  South-Western 
England  and  South  Wales,  in  some  localities  having  been 
raised  in  large  quantities,  it  has  hitherto,  in  them,  been  only 
detected  in  veins,  with  the  exception,  perhaps,  of  the  haematite 
ore  raised  from  the  carboniferous  limestone  for  the  Pentyrch 
ironworks,  north  of  Cardiff,  the  position  of  which  is  somewhat 
equivocal.  Although  in  endeavouring  to  account  for  the 
position  of  the  iron  ore  in  the  carboniferous  limestone  of  Dean 
Forest,  we  may,,  from  existing  knowledge,  be  led  to  suppose  that 
it  was  formed  in  the  sea,  amid  the  marine  accumulations  with 
which  it  is  associated,  so  that  it  may  not  have  been  a  bog  iron 
ore  of  that  geological  period,  still  its  dispersion  at  the  same 
time  over  so  wide  an  area  would  induce  us  to  infer  that  the 
peroxide  was  thrown  down  from  water  in  which  the  iron  had 

1  Memoirs  of  the  Geological  Survey,  1846. 
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previously  been  in  some  soluble  form  spread  over  the  space 
required." 

Dr.  J.  W.  Watson,1  in  a  paper  on  the  ironstone  formation 
of  the  Forest  of  Dean,  says:    "The  'Mine  Measures'  may 
have  been  the  result  of  a  rapidly  accumulated  calcareous  silt, 
afterwards  so  altered  by  contraction  and  upheaval,  as  to  have 
had  all  evidence  of  lamination  and  bedding  obliterated,  and 
from  being  fissured  during  elevatory  movements  may  have 
become  gradually  cavernous  by  the  mechanical  and  solvent 
powers  of   water.     Into  these  fissures    and  hollows,  water, 
saturated  with  carbonic  acid,  and  holding  proto-carbonate  of 
iron  in  solution,  may  have  deposited  the  iron  by  a  gradual 
escape  of  part  of  the  carbonic  acid,  in  the  same  way  as  in  the 
case  of  calcareous  i  sinter/  when,  by  the  admission  of  oxygen,  it 
would  soon  become  peroxidised." 

A  careful  consideration  of  the  South  Wales  deposits  and  of 
the  manner  in  which  the  "  hanging  wall "  is  formed  by  clay  or 
shale,  leads  to  the  unavoidable  conclusion  that  those  deposits 
originated  by  a  process  of  substitution,  like  the  deposits  of 
Cumberland  and  Lancashire.  It  is  simply  impossible  for  them 
to  have  been  formed  in  cavernous  receptacles.  The  clay  or 
shale  forming  the  hanging  wall  could  not  have  stood,  unsup- 
ported, even  for  a  moment. 

The  Dean  Forest  deposits  most  probably  originated  in 
the  same  way,  though  the  evidence  in  their  case  is  not  so 
strqng. 

Whether  the  ores  were  deposited  as  limonites,  or 
as  siderites,  from  which  they  have  been  altered,  it  is  im- 
possible to  say  with  certainty,  but  the  probabilities  favour 
the  former. 

The  powdery  and  fine  gravelly  character  of  the  "  smith  ore  " 
may  have  originated  from  the  dissolution  of  limestone,  which 
originally  bound  together  the  innumerable  fine  particles  and 
small  pieces  of  ore  in  a  manner  similar  to  that  in  which  the 
limonite  of  the  "  grey  ore  "  is  held  together  by  dolomite. 

1  The*  Geologist,  1858. 
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The  Iron  Ores  of  Cornwall,  Devon,  and  West 

Somerset. 

The  whole  of  these  ores  are  doubtless  substitutional. 

The  irregular  deposits  in  the  Devonian  limestone  are  easily 
explained  in  this  manner. 

The  bedded-veins  in  the  "killas,"  etc.,  in  all  probability 
were  formed  by  the  replacement  of  thin  limestone  beds,  which 
were  contemporaneous  with  the  associated  shales,  etc.,  whilst 
the  veins  that  cut  through  the  beds,  and  which  are,  in  the 
majority  of  cases,  on  the  lines  of  dislocations,  may  have  come 
into  existence  by  a  double  substitution,  as  explained  in  the 
case  of  veins  in  the  slaty  and  granitic  rocks  of  Cumberland. 

The  limonites  in  many  cases,  if  not  all,  have  resulted  from  an 
alteration  of  siderite,  which,  in  such  cases,  was  the  original  ore. 

The  haematites,  in  all  probability,  were  deposited  as  such, 
in  the  manner  already  explained  when  treating  of  the  West 
Cumberland  ores. 

The  magnetites  may  have  been  siderite  or  haematite  origin- 
ally, and  have  been  altered,  subsequently,  by  the  same  meta- 
morphic  process  which  induced  the  present  character  of  the 
accompanying  rocks. 

The  Limonites  and  Siderites  of  Alston  and 

Weardale. 

There  cannot  be  any  doubt  that  the  siderite,  which  was 
the  original  ore  here,  and  from  which  the  limonite  was  pro- 
duced by  alteration,  was  formed  by  a  replacement  of  limestone. 
The  "  growing  together  n  of  the  two  minerals,  where  they  are 
in  contact,  is  alone  sufficient  to  prove  this ;  but  the  same  con- 
clusion is  reached  when  the  veins  are  considered  in  the  light 
of  the  arguments  against  filled  fissures,  which  were  adduced  in 
a  previous  part  of  this  chapter. 

The  Argillaceous  Ironstones  of  the  Carboniferous 

Rocks. 

As  to  the  manner  in  which  these  ores  originated  not  much 
has  been  written. 
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Mr.  T.  Lucas 1  considers  "  the  formation  of  all  varieties  of 
clay  ironstone  lying  in  beds  is  rendered  intelligible  by  the 
supposition  that  they  were  formed  in  peaty  or  non-peaty 
lagoons,  on  the  alluvial  flats  of  the  deltas  of  the  carboniferous 
formations,  according  to  the  predominance  or  absence  of  car- 
bonaceous matter  in  the  ironstone."  He  believes  the  crack- 
like cavities,  so  often  seen  in  nodules,  "  to  have  been  formed 
under  these  circumstances  by  the  sun  when  the  stagnant  pools 
dried  up,  as  they  exactly  resemble  those  found  in  the  sub- 
stance of  ordinary  clay  under  similar  circumstances." 

Mr.  James  Geikie 2  is  of  opinion  that  the  numerous  coal 
seams  point  to  a  recurrence  of  a  land  surface,  and  the  gas  coals 
and  ironstones  to  the  former  existence  of  numerous  wide  lakes 
and  lagoons." 

"Over  the  bed  of  the  lake  would  gather  a  slimy  vege- 
table mud,  which  in  some  places  might  be  highly  impreg- 
nated with  ferruginous  matter."  In  this  way  he  accounts  for 
the  blackbands.  With  regard  to  clay  ironstones,  he  considers 
"  they  are  often  due  to  subsequent  changes  in  the  strata.  The 
carbonate  of  iron  having  been  more  or  less  diffused  through 
the  silt  beds  or  shales,  has  segregated  in  time,  so  as  to  form 
irregular  balls  or  bands.  But  the  extreme  regularity  of  many 
of  the  bands  would  lead  me  to  infer  that  these,  at  least,  were 
due  rather  to  deposition  than  to  segregation." 

Sir  A.  Geikie  8  considers  these  ironstones  were  "  deposited 
from  solution  in  water  in  presence  of  decaying  organic  matter." 
Mr.  R.  Hunt 4  is  of  opinion  that  "  the  present  condition  of 
our  coal-measure  ironstone  formations  was  the  direct  result  of 
the  process  of  coal  formation,  the  water  in  which  the  coal  was 
formed  removing  from  the  surrounding  rocks,  by  virtue  of  the 
dissolving  power  of  carbonic  acid,  the  iron  which  they  con- 

1  "Origin  of  Clay  Ironstone,"  Quarterly  Journal  of  the  Geological 
Society,  vol.  xxix.,  part  3. 

2  "  On  the  Geological  Position  and  Features  of  the  Coal  and  Ironstone- 
bearing  Strata  of  the  West  of  Scotland,"  p.  14. 

3  "Text  Book  of  Geology,"  first  edition,  p.  84. 
1  Quarterly  Journal  of  Science,  vol.  v.,  1868. 
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tained.  This,  if  retained  within  the  coal  basin,  gradually 
produced  the  argillaceous  carbonates  of  iron  as  we  find  them ; 
but  if  the  ferruginous  waters  passed  away  from  the  influence  of 
the  dissolved  vegetable  matter  their  oxidation  ensued,  and 
hence  the  deposits  of  haematite  in  ponds  and  fissures,  as  we  see 
them  near  Ulverston." 

The  writer  cannot  agree  with  any  of  these  explanations. 
From  the  large  amount  of  lime  existing  in  some  of  the  poorer 
varieties  of  ore  he  is  disposed  to  look  upon  them  as  partial  or 
complete  substitutions  after  limestone.  The  conversion  of  the 
limy  substance  of  the  fossil  shells  into  siderite  also  points  to 
the  same  conclusion,  whilst  the  crack-like  cavities  in  the 
nodules,  and  their  absence  from  the  beds,  can  be  much  more 
satisfactorily  accounted  for  on  the  hypothesis  of  replacement, 
than  in  any  other  way.  If  these  cavities  are  due  to  the  action 
of  the  sun,  as  suggested  by  Mr.  Lucas,  why  do  we  not  find 
them  in  the  beds  and  nodules  alike  ?  And  further,  why  are 
they  only  found  in  the  interior  of  the  nodules,  and  not  extend- 
ing to  the  outside  ? 

Let  us  assume  that  these  nodules  and  beds  were  originally 
limestones,  more  or  less  pure.  This  assumption  is  quite  war- 
ranted, for  the  occurrence  of  thin  limestones  as  the  roofs  of 
coal  seams  is  not  an  uncommon  feature  in  similar  strata.  Take, 
for  example,  the  lower  carboniferous  rocks  of  Northumberland. 
In  the  case  of  the  nodules  it  will  probably  be  admitted  that 
the  limestone  would  become  purer  towards  the  centre,  that  is 
as  the  distance  from  the  surrounding  shale  increased.  When, 
therefore,  the  limestone  was  replaced  by  carbonate  of  iron,  the 
outer  portion  of  the  nodule,  being  more  mixed  with  shale, 
would  not  be  so  pure  as  the  centre,  and  that  is  what  we  actually 
find.  But  further,  the  contraction  of  volume,  due  to  the 
replacement  of  limestone  by  siderite,  would  increase  with  the 
purity  of  the  original  limestone, — that  is  to  say,  would  increase 
inwards, — and  that  is  why  we  find  these  cavities  widest  in  the 
centre  of  the  nodules. 

The  absence  of  cavities  in  the  beds  is  probably  due  to  the 
compressive  action  of  the  superincumbent  strata  at  the  time 
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the  conversion  was  effected.  This  idea  is  supported  by  the 
flattening  of  the  shells  in  the  beds,  but  in  the  case  of  the 
nodules  compression  could  only  affect  small  ones,  or  the 
outer  surface  of  those  that  were  larger,  because  the  shale 
between  the  nodules  on  any  given  layer  would  bear  up,  in  a 
great  measure,  the  overlying  rocks,  and  so  prevent  any  weight 
coming  on  to  the  nodules  except  just  at  first,  the  conversion, 
of  course,  taking  place  from  the  outside  inwards. 

The  writer  is  further  inclined  to  the  replacement  conclusion 
by  two  other  considerations :  first,  the  absence  of  direct  evidence 
that  suchlike  deposits  can  be  formed  otherwise;  second,  the 
contradiction  of  all  experience  involved  in  the  assumption  that 
organisms,  such  as  those  frequently  included  in  these  ores, 
could  ever  have  lived  in  water  so  highly  charged  with  ferru- 
ginous matter,  as  must  have  been  the  case  if  the  ores  be 
contemporaneous  deposits. 

The  erroneous  notion  that  the  vegetable  matter  of  coal 
grew  on  the  spot  receives  a  rude  shock  when  it  is  attempted 
to  explain  in  that  way  the  thin  layers  of  coal  found  in  black- 
band  ironstones. 

The  Iron  Ores  of  Antrim. 

Lithomarge  and  Bole.  The  manner  in  which  these 
beds  have  been  produced  seems  to  be  rendered  perfectly  clear 
by  the  presence  in  them  of  the  concretionary  nodules  already 
noticed.  The  gradation  from  bole  to  basalt,  and  from  litho- 
marge to  basalt,  as  seen  in  the  nodules  of  the  respective  beds, 
indicates  very  clearly  that  both  bole  and  lithomarge  are  the 
result  of  metamorphic  action  on  basalt.  The  appearance 
presented  by  these  nodules  cannot  possibly  be  explained  on 
any  other  assumption ;  but  whether  the  rock  from  which  the 
two  beds  were  produced  was  exactly  alike  in  chemical  con- 
stitution, as  well  as  like  that  of  the  basalt  now  above  and  below 
them,  it  is  impossible  to  say.  The  probability  is,  that  the  beds 
of  rocks  from  which  the  bole  and  lithomarge  were  produced, 
differed  in  their  chemical  constituents ;  if  not,  and  it  is  assumed 
that  they  were  both  subjected  to  the  same  metamorphic  action, 
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then  the  lithomarge  and  bole  must  represent  two  different 
stages  of  the  metamorphic  process.  But  if  bole  were  meta- 
morphosed lithomarge,  that  is,  if  it  had  undergone  a  higher 
degree  of  metamorphism  than  lithomarge,  there  would  be  found, 
in  the  concretionary  nodules  of  the  bole,  a  transition  from 
basalt  to  lithomarge,  in  the  first  place,  and  then  from  lithomarge 
to  bole ;  in  other  words,  between  the  bole  and  basalt  forming 
the  centre  of  the  nodules,  there  would  be  found  a  layer  of 
lithomarge,  which  is  not  the  case.  Then  again,  if  lithomarge 
were  altered  bole,  there  would  be  found,  in  the  concretions 
of  the  lithomarge  bed,  a  layer  of  bole  immediately  round  the 
basaltic  kernels,  which  does  not  appear.  These  facts  go  to 
show,  either  that  the  bole  has  been  produced  from  a  bed  of 
basalt  chemically  different  from  that  which,  by  alteration,  has 
resulted  in  lithomarge,  or  that  the  metamorphic  process  was 
not  alike  in  the  two  cases.  The  analyses  previously  given 
show  that  basalt  differs  in  its  composition  from  lithomarge  and 
bole,  mainly,  in  the  proportions  of  the  constituent  materials, 
especially  the  silica  and  alumina,  as  shown  by  the  percentage 
weights  hereunder : — 

Silica.  Alumina.  Lime.  Magnesia. 

Basalt             ...        4671  19-86  4-15            4' 00 

Bole                ...          64  35-15  39             -59 

Lithomarge     ...        40*22  28*46  -43            1*47 

The  ratio  of  silica  to  alumina  in  these  three  rocks  is  : — 

Basalt  1     to      -42 

XJOIC  ...  . . .  ...  ...  ...  ...  I  j  j  ^    4.7 

Lithomarge     ...        ...        ...        ...        ...        1     „       "j 

It  may  be,  therefore — indeed,  it  is  very  probable — that  the 
difference  between  lithomarge  and  bole  has  resulted  from  the 
removal  of  a  larger  proportion  of  silica  from  the  original  rock 
in  one  case  than  in  the  other. 

A  fact  which  may  throw  some  light  on  the  mode  of 
metamorphism  may  be  observed  in  connection  with  the  bed 
of  clay  lying  between  the  pisolitic  ore  bed  and  the  overlying 
basalt.    This  clay  is  most  probably  also  metamorphosed  basalt, 
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for  there  is  a  most  gradual  laminated  passage  from  the  hard 
basalt  to  soft  clay.  Whenever  this  clay  bed  crops  out  to 
"  day  n  it  appears  to  thicken.  This  would  seem  to  indicate 
that  whatever  was  the  metamorphic  action  which  produced  the 
clay  it  acted  most  powerfully  near  the  surface. 

Pisolitic  Ore.  This  bed  has  been  accounted  for  in  various 
ways.  Some  writers  have  supposed  it  to  be  of  igneous  origin, 
others  consider  it  to  be  metamorphosed  bole,1  whilst  Professor 
Hull3  and  Mr.  Du  Noyer8  are  of  opinion  that  it  had  an 
aqueous  origin.  The  fact  previously  referred  to,  that  fossil 
wood  and  other  plant  remains  have  been  found  in  the  bed, 
seems  to  favour  the  last  idea,  although  the  mode  of  deposition 
advocated  by  those  who  hold  it  differs  greatly,  Mr.  Du  Noyer 
supporting  a  sedimentary,  whilst  Professor  Hull  suggests  a 
chemical,  process.  In  either  manner,  however,  it  is  difficult  to 
account  for  the  proportions  of  the  non-metallic  minerals  asso- 
ciated with  the  ore.  They  are  not  those  of  sedimentary  matter 
derived  from  ordinary  silicious  and  aluminous  rocks.  In 
such  sediments  silica  largely  preponderates.  If  we  take  the 
average  of  the  analyses  of  pisolitic  ore,  given  in  Part  II.,  we 
find  the  non-metallic  minerals  to  have  the  following  propor- 
tions : — 

omca     ...  ...        ...        ...        ...        ■••        ...  040 

Alumina  9*53 

j-*imc       ■••  •«•          ••«          ••«          ••■          •••          •••  ^7 

Magnesia  ...         ...         ...        ...         ...         ...  *3 

The  ratio  of  the  silica  to  the  alumina  is  1  to  i'47.  When 
we  compare  this  with  the  ratios  of  these  minerals  in  bole  and 
lithomarge,  as  given  above,  there  is  a  strong  disposition  to 
believe  that  the  pisolitic  ore  is  also  a  product  of  metamorphism. 

1  Tate  and  Holden,  "  On  the  Iron  Ores  associated  with  the  Basalts  of 
the  North-East  of  Ireland,"  Quarterly  Journal  of  the  Geological  Society,  vol. 
xxvi.,  part  2,  1870. 

*  British  Association  Report  (Belfast  1874),  p.  70. 

*  "On  the  Geology  of  1  Island  Magee,"  Natural  History  and  Philosophical 
Society  of  Belfast,  1868. 
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In  no  other  way  can  the  writer  account  for  the  low  percentage 
of  silica  as  compared  with  the  alumina. 

The  plant  remains  have  not  been  found  in  many  localities, 
and  may  have  been  accumulated  in  small  isolated  sheets  of 
water  in  the  intervals  between  successive  lava-flows.  These 
plant  remains  are  the  only  impediment  in  the  way  of  an 
unreserved  acceptance  of  the  suggestion  that  the  pisolitic 
ore  had  a  metamorphic  origin  ;  but,  it  may  be  thought,  the 
suggestion  just  made  meets  the  difficulty  in  a  satisfactory 
•manner. 

It  will  probably  be  asked,  if  this  ore  is  the  result  of  meta- 
morphic action,  why  does  the  same  sort  of  pisolitic  ore  not 
accompany  the  other  bole-beds  ?  They  were  all  alike  overlaid 
by  a  bed  of  basalt,  which,  according  to  the  holders  of  this  view, 
was  instrumental  in  producing  the  pisolitic  character  of  the 
ore.  In  explanation  of  this,  two  suggestions  may  be  made : 
(1)  The  mineral  composition  of  the  bed  preceding  the  pisolitic 
ore  might  be  different  from  that  of  the  beds  overlying  the 
other  boles ;  or  (2)  the  physical  condition  of  the  basalt  over 
the  several  bole-beds  might  be  unlike  at  the  time  of  formation. 
In  this  connection  it  may  be  mentioned  that  the  basalt  resting 
on  the  pisolitic  ore  is  columnar ;  over  the  other  boles  it  is  either 
massive  or  concretionary. 

That  silica,  alumina,  lime,  magnesia,  etc.,  can  be  removed 
from  rocks,  by  underground  waters,  we  know  from  the  fre- 
quent occurrence  of  these  minerals  in  springs.  It  is  also 
a  suggestive  fact  that  alumina  is  much  less  frequently  present 
in  these  waters  than  silica. 

It  is  very  likely,  however,  that  during  the  volcanic  times 
which  followed  the  deposition  of  the  beds  preceding  these 
ores  waters  might  be  put  into  circulation  through  the  rocks 
which  had  a  much  more  powerfully  solvent  action  on  them 
than  ordinary  spring  water. 

The  magnetic  character  of  some  of  the  ore,  as  well  as  its 
spheroidal  character,  is  probably  due  to  the  influence  of  the 
overlying  basalt  whilst  in  a  molten  condition. 
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The  Iron  Ores  of  Spain. 

Vizcayan  Deposits.  There  cannot  be  any  doubt  that 
these  deposits  originated  by  a  process  of  replacement.  It  will 
be  sufficient  to  remember  the  San  Miguel  quarry,  where  the 
ore  is  covered  up  by  shale — a  state  of  things  which  could  not 
possibly  have  happened  if  the  ore  had  been  deposited  in 
pre-existing  caverns.  This  shale  would  clearly  have  fallen 
away,  if  left  unsupported,  whilst  the  production  of  the 
ore  contemporaneously  with  the  limestone  is  altogether 
out  of  the  question.  The  original  ore  was  doubtless  formed 
as  a  carbonate  which  has  been  altered  into  rubio,  campanil, 
and  vena,  through  the  action  of  the  air  and  oxygenated 
waters. 

The  modus  operandi  of  this  change  is  partly  shown  by  the 
kernels.  Why  the  process  of  alteration  should  have  resulted 
in  the  formation  of  campanil,  or  of  campanil  and  vena  at  one 
place,  and  of  rubio,  or  rubio  and  vena  at  another,  is  not  quite 
so  clear ;  but  the  writer  is  disposed  to  think  that  these  varia- 
tions are  simply  consequences  of  the  different  conditions  under 
which  the  change  has  been  effected ;  campanil  being  the  result 
where  the  change  was  carried  out  under  a  shale  or  limestone 
cover,  as  at  Triano,  whilst  rubio  was  produced  wherever  air 
and  water  had  free  access  to  the  original  spathic  ore,  through 
its  being  exposed  by  denudation.  A  very  much  larger  area 
of  campanil  may  have  existed  once  at  Triano  than  that  worked, 
and  have  been  subsequently  altered  to  rubio ;  for  we  have  it 
proved  that  such  a  change  can  take  place  by  the  fact  already 
mentioned,  that  campanil  has  been  found  as  the  nuclei  of 
rubio.  Vena  is  clearly  the  last  stage  in  the  process  of 
evolution. 

The  source  of  the  iron  which  produced  the  original  car- 
bonate may  have  been  in  the  shales  overlying  the  limestone. 
These  rocks,  like  most  shales,  contain  a  considerable  quantity 
of  iron ;  but  there  is  a  difficulty  in  this  supposition.  Seeing 
that  the  shales  once  overlaid  the  limestone  at  every  point,  how 
do  we  account  for  the  localisation  of  the  deposits  in  certain 
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places  only,  with  large  areas  of  barren  limestone  between  them  ? 
That  may  be  owing  to  the  presence  of  faults,  in  the  particular 
localities  where  ore  was  formed,  for,  as  a  matter  of  fact,  these 
dislocations  are  found  near  most,  if  not  all  the  deposits.  In 
this  way  the  difficulty  is  surmounted  in  a  fairly  satisfactory 
manner,  for  the  circulation  of  underground  waters  would  be 
much  more  active  along  these  lines  of  fracture  than  elsewhere. 
It  is,  however,  possible  that  the  iron  might  have  been  con- 
veyed to  its  present  resting  place  by  underground  waters  during 
the  period  of  volcanic  activity,  which  resulted  in  the  elevation 
of  the  Cantabrian  range. 

Malaga  Deposits.  The  origin  of  the  magnetites  of  this 
area  is  much  more  difficult  to  account  for  than  that  of  the 
Vizcayan  deposits,  but  the  writer  is  convinced  that  the  explana- 
tion which  he  has  given  of  the  origin  of  the  haematites  in  the 
Skiddaw  slates  and  the  volcanic  rocks  of  Borrowdale  will  also 
account  for  the  ores  in  the  archaean  rocks  here,  but  without  a 
double  replacement.  If  we  assume  that  the  magnetites  were 
preceded  by  dolomite  it  is  quite  easy  to  understand  how  these 
ores,  like  those  of  Vizcaya,  could  have  been  produced  by 
replacement,  and  the  writer  is  satisfied  that  they  originated  in 
that  way.  The  assumption  of  the  pre-existence  of  lenticular 
masses  of  dolomite  where  the  ore  now  occurs  is  rendered  highly 
probable  when  we  remember  that  even  now  similar  masses 
alternate  with  the  silicious  and  aluminous  rocks  adjoining  the 
ore  deposits,  and  the  idea  is  still  further  strengthened  by  the 
occurrence  of  pieces  of  dolomite,  actually,  in  places,  forming  a 
wall  to  the  ore.  In  the  Estapona  deposits  we  have  as  clear 
a  case  of  replacement  as  in  the  haematite  deposits  of  Cumber- 
land. The  old  idea  of  filled  caverns  and  fissures  is  altogether 
untenable,  and  it  is  not  a  little  surprising  that  in  a  text-book 
like  Geikie's  it  should  still  be  propagated.  The  veriest  tyro  in 
mining,  when  it  is  brought  under  his  notice,  will  at  once  see 
an  insuperable  objection  to  such  an  idea,  in  the  impossibility 
of  keeping  such  large  spaces  open  whilst  they  were  being  filled, 
especially  where  there  are  shale  roofs  or  soft  slaty  walls  to  the 
deposits. 
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What  the  original  form  of  the  magnetites  was  it  is  impossible 
to  say;  it  may  have  been  either  siderite  or  haematite.  Its 
magnetic  character  is,  in  all  probability,  due  to  the  same 
metamorphic  action  that  has  operated  on  the  enclosing  rocks 
and  produced  such  changes  in  them. 


PART  IV. 

SEARCHING    FOR    AND    WORKING 

IRON    ORE. 
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CHAPTER  I. 
INTRODUCTORY. 

Literature. 

IN  addition  to  the  works  already  mentioned  in  Part  II.,  some 
of  which  contain  incidental  references  to  the  modes  of 
working,  the  following  may  be  named : — 

i.  "  Ironstone  Mining  in  Cleveland,"  by  A.  L.  Steavenson. 
Journal  Iron  and  Steel  Institute,  1874. 

2.  "Searching  for  and  Working  Haematite  Deposits,"  by 
J.  D.  Kendall.     Colliery  Guardian,  1876. 

3.  "  The  Iron-Ore  District  of  Bilbao,"  by  W.  Gill.  Journal 
Iron  and  Steel  Institute,  1882. 

4.  "The  Bilbao   Iron-Ore  District,"  by  B.   J.    Forrest. 

Transactions  North  of  England  Institute  of  Mining  and 
Mechanical  Engineers,  vol.  xxxiii. 

5.  "Vizcayan  Mining  Industry,"  by  Jeremiah  Head. 
Proceedings  of  the  Cleveland  Institute  of  Engineers, 
1888. 

Having  examined  our  subject  from  the  standpoint  of  the 
geologist,  let  us  now  look  at  it  from  that  of  the  mining 
engineer.  In  doing  so,  however,  we  must  take  the  geologist 
with  us,  at  least  whilst  we  are  searching  for  ore.  A  mining 
engineer  who  is  not  a  geologist,  is  like  a  metallurgist  who  is 
not  a  chemist — simply  a  one-legged  man.  It  is,  perhaps, 
somewhat  late  in  the  day  now  to  urge  the  value  to  the  mining 
engineer  of  a  knowledge  of  geology,  but  it  is  more  than  likely 
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that  a  generation  will  have  to  pass  away  before  the  present 
type  of  self-styled  practical  man  entirely  disappears.  We 
still  have  with  us  a  race  of  men  who  are  deeply  enamoured  of 
the  rule  of  thumb,  and  who  cannot  conceive  of  anything 
being  practical  which  is  outside  the  operations  of  their  one- 
sided experience.  Such  men  treat  the  opinions  of  the 
geologist  with  scant  courtesy,  and,  by  way  of  exhibiting  their 
contempt  for  his  knowledge,  dub  him  a  theorist.  In  the  un- 
complimentary sense  they  erroneously  attach  to  that  word 
there  are  no  greater  theorists  in  existence  than  these  so-called 
practical  men.  Whilst  they  are  engaged  in  work  to  which 
they  have  been  educated,  they  may  be  safely  trusted,  but  the 
minute  they  step  outside  such  operations  they  are  as  much  at 
a  loss  as  any  other  set  .of  men  who  undertake  duties  in 
which  they  have  had  no  training. 

The  work  of  the  geologist  is  just  as  practical  as  that  of  the 
miner,  although  much  of  it  does  not  concern  the  mining 
engineer.  In  that  which  does  however  there  are,  no  doubt, 
among  the  students  of  geology,  as  among  those  of  the  other 
sciences,  men  who  do  not  pay  that  regard  to  experience  which 
safe  action  demands ;  but  that,  unfortunately,  is  a  defect  which 
exists  very  widely.  Even  among  those  who  follow  the  com- 
paratively simple  operations  of  the  miner,  we  find  it  most 
glaringly  exemplified.  If  this  latter  class  of  men  always 
directed  their  actions  in  the  courses  dictated  by  experience, 
the  list  of  accidents  in  mines  would  be  very  materially  reduced. 
There  would  not  then  be  that  need  for  inspection  which  some 
of  them  wish  the  public  to  believe  exists  at  present.  After 
nearly  thirty  years'  experience  in  mines  of  almost  every  kind, 
the  author  has  not  the  least  hesitation  in  saying  that,  if  miners 
were  but  half  as  careful  of  their  lives  as  most  managers  are 
to  protect  them  from  accident,  we  should  hear  of  very  few 
of  those  distressing  occurrences  that  every  now  and  again 
bring  misery,  it  may  be  despair,  to  many  a  struggling  house- 
hold. 

But  to  return  to  the  question  of  geology  as  applied  to 
mining.     The  geological  knowledge  which  is  advocated  by 
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the  author  is  not  such  as  is  obtained  from  books, — although 
that  may  be  of  the  greatest  assistance  as  an  auxiliary — but 
rather  that  which  comes  from  practical  work  in  the  field,  the 
quarry,  and  the  mine,  from  geological  mapping  and  the 
correlation  of  sections,  to  determine  the  order  of  succession. 
In  the  acquirement  of  this  knowledge  a  man  becomes  familiar 
with  the  nature  of  mineral  deposits  and  the  horizons  on  which 
they  occur,  and  he  is  therefore  able  to  direct  his  explorations 
with  the  greatest  chance  of  success,  and  at  the  least  cost  to  the 
adventurer. 


CHAPTER   II. 
SEARCHING  FOR  IRON  ORES. 

THE  various  methods  of  boring  have  been  so  often 
described,  in  text-books  and  elsewhere,  that  it  is  un- 
necessary to  speak  of  them  here.  For  the  same  reason  it 
would  be  superfluous  to  say  anything  as  to  the  modes  of 
carrying  out  the  various  works,  such  as  drifts,  shafts,  and 
trenches,  usually  employed  in  explorations. 

The  first  essential,  in  looking  for  iron  ore,  is  to  have  as 
accurate  a  knowledge  of  the  geological  structure  of  the  district 
to  be  explored  as  it  is  possible  in  the  circumstances  to  acquire. 
Without  this  it  becomes  mere  guess-work,  as  it  used  to  be  in 
Cumberland  and  Furness  not  many  years  ago.  In  those  days 
it  is  known  that,  in  order  to  fix  the  position  of  a  borehole,  a 
penny  or  some  other  article  has  been  thrown  up  into  the  air, 
and  wherever  it  fell  the  borehole  was  put  down;  and  even 
to-day  boreholes  are  put  down,  by  some  of  those  so-called 
practical  men,  in  positions  that  are  fixed  upon  for  no  other 
reason  than  that  there  has  not  been  a  hole  there  before. 
Mining  is  always  sufficiently  expensive  without  throwing  away 
money  in  this  absurd  manner. 

Having  determined  the  structure  of  the  district  to  be 
explored,  the  mode  of  procedure  will  depend  entirely  upon 
the  character  of  the  deposit  sought  Iron  ore  occurs  in 
workable  bodies,  as  veins,  beds,  and  irregular  deposits,  and 
there  are  features  peculiar  to  each  of  these  forms  which  demand 
special  consideration  and  treatment.  Let  us  take  them  in  the 
above  order. 
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Veins. 


Such  as  the  haematite  veins  of  Cumberland  or  the  magnetite 
veins  of  Spain. 

If  the  ore  occurs  in  this  form  it  may  be,  if  the  superficial 
covering  is  thin,  and  it  usually  is  in  the  mountainous  districts 
where  frequently  veins  exist,  that  much  can  be  done  by  trench- 
ing— that  is,  cutting  across  the  assumed  line  of  the  vein  at 
intervals.  Should  this  be  successful  in  ascertaining  the  posi- 
tion of  the  vein,  and  perhaps  also  its  length  and  width  at  the 
surface,  the  next  thing  to  be  done  is  to  prove  its  character  in 
depth.  For  this  purpose,  it  may  be  necessary  to  sink  a  few 
small  shafts  on  the  "  hade  "  of  the  vein,  or  to  put  in  one  or 


Fig.  24. — Section  Showing  Mode  op  Proving  a  Vein. 

more  drifts  at  a  lower  level,  and  drive  at  right  angles  to  the 
course  of  the  vein  until  that  be  intersected.  This  is  illustrated 
by  Fig.  34.  It  sometimes  happens  that  trenching  cannot  be 
done  satisfactorily,  or  even  at  all,  owing  to  the  great  thickness 
of  the  superficial  deposits.  Then  the  explorations  have  to  be 
conducted  entirely  by  drifting.  It  may  be  that  one  or  more 
tiers  of  drifts  are  necessary. 

Owing  to  the  high  angles  at  which  veins  usually  occur, 
it  is  clear  that  boring,  or  even  sinking,  is  not  so  likely  to  be 
successful  as  drifting,  although  these  methods  have  been 
employed  occasionally,  in  certain  circumstances.  The  hori- 
zontal area  of  a  vein  is  usually  small  compared  with  the  surface 
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which  it  presents  vertically  in  the  direction  of  its  length,  and 
therefore  a  horizontal  exploration,  where  possible,  will  be  more 
likely  to  succeed  than  one  that  is  vertical. 

Beds. 
For  the  reason  just  given,  boring  or  sinking  is  much  more 
likely  than  drifting  to  be  successful  in  searching  for  an  ore  bed 
(unless  it  be  very  highly  tilted),  and  on  that  account  is  more 
generally  employed.  If  a  bed  occurs  in  a  hilly  country,  and 
the  outcrop  is  visible,  or  has  been  proved  by  trenching,  drifting 
may  then  be  quite  as  efficient  as  either  boring  or  sinking  in 
proving  the  extent  of  the  bed ;  but  if  the  absolute  level  of  the 
bed  is  not  known,  then  vertical  explorations  must  be  resorted 
to.  Beds  of  ore  having  a  thick  cover,  like  that  of  Cleveland, 
may  be  sought  either  by  trenching  or  boring,  supplemented  by 
drifting  to  prove  the  extent.  Beds  near  the  surface,  like  that 
of  the  lower  oolite  of  Northamptonshire,  can  be  best  sought 
for,  and  proved,  by  trenching  or  sinking. 

Irregular  Deposits. 

The  search  for  these  deposits  is  infinitely  more  complicated 
and  difficult  than  that  for  either  beds  or  veins,  and  therefore 
it  will  be  treated  more  fully.  Much,  however,  that  will  be 
said  under  this  head  will  apply  with  equal  force  to  explorations 
for  both  veins  and  beds. 

As  the  deposits  of  Cumberland  and  Furness  are,  by  common 
consent,  the  most  difficult  to  understand  of  any  in  Britain,  we 
will  illustrate  our  remarks  by  reference  to  those  districts.  It 
will  be  seen  in  the  course  of  these  remarks  how  indispensable 
is  a  knowledge  of  geology  to  any  one  searching  for  ore  in  those 
districts, — although  it  is  only  a  question  of  degree, — for  such 
knowledge  is  always  necessary  to  the  explorer.  Many  of  the 
errors  that  have  been  committed  by  so-called  practical  men, 
ignorant  of  geology,  who  have  been  charged  with  the  direction 
of  explorations  are  most  instructive,  and  some  of  them  will  be 
here  pointed  out. 

It  has  been  shown  in  Part  I.  that  the  deposits  in  the  car- 
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boniferous  rocks  of  West  Cumberland  and  Furness  occur  in 
the  thick  limestone  of  the  latter  district  and  Millom,  and  in 
the  seven  limestones  that  are  found  in  the  neighbourhood  of 
Whitehaven.  It  will  be  clear,  therefore,  that  it  would  be  use- 
less to  search  for  a  workable  body  of  ore  in  the  red  shales  with 
thin  limestones  which  underlie  the  thick  limestone  of  Furness, 
and  yet  some  eighty  or  a  hundred  deep  boreholes  have  been 
put  down  in  those  rocks  between  Dunnerholm  and  Askara 
in  search  of  haematite,  at  enormous  cost.  It  may  be  said, 
of  course,  that  we  are  wiser  now  than  we  were  before  those 
holes  were  put  down,  and  that  it  is  quite  easy  to  see  the  mis- 
take to-day.  But  that  is  not  so.  Any  one  having  an  accurate 
knowledge  of  the  geology  of  the  district  would  have  been 
satisfied  after  the  first  bore  had  gone  a  few  fathoms ;  for  the 
physical  features  of  the  area  referred  to  are  altogether  unlike 
those  of  the  district  occupied  by  the  thick  limestone,  and 
further,  the  character  of  the  strata  is  wholly  different  from  that 
of  any  other  series  of  rocks  in  Furness.  Admitting  that  the 
features  of  the  surface  are  not  always  perfectly  reliable  as  to 
the  nature  of  the  underlying  rocks,  since  they  may  be  modified 
by  superficial  accumulations,  yet  to  have  overcome  any  doubt 
on  that  score  would  only  have  needed  a  few  shallow  bores, 
the  cost  of  which  would  have  been  trifling  compared  with 
that  of  the  large  number  of  deep  bores  already  mentioned. 
In  another  part  of  Furness  boreholes  have  been  carried  down, 
through  the  lower  limestone  shales,  thirty  or  forty  fathoms  into 
the  Silurians. 

The  same  error  has  frequently  been  committed  in  the 
Whitehaven  district.  A  case  of  the  kind  is  shown  in  Fig.  25, 
where  a  number  of  bores  (many  more  than  are  shown  in 
the  figure)  were  put  down  in  the  Skiddaw  slate,  which  a 
knowledge  of  the  geology  of  the  district  would  have  pre- 
vented. The  nature  of  the  solid  rocks,  it  must  be  admitted, 
is,  in  a  great  measure,  hidden  by  a  covering  of  sand,  gravel, 
etc.,  but  abundant  data  had  been  already  obtained  by  other 
bores,  and  by  the  workings  of  adjacent  mines,  to  enable  any 
geologist  to  mark  out  the  Skiddaw  slate  area. 
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We  will  now  take  a  case  of  a  different  kind,  and  one  which 
has  only  just  been  completed.  Figure  26  is  a  section  of  a 
part  of  the  Whitehaven  district  where  the  limestone,  the 
Skiddaw  slate,  and  the  Saint  Bees  sandstone  may  all  be  seen 
on  the  surface,  and  their  relations  accurately  determined ; 
yet  a  borehole  was  put  down  in  the  position  shown  in  the 
figure,  where,  it  will  be  readily  understood,  there  was  not  a 
possibility  of  meeting  with  ore.     This  hole  was  put  down  in  the 


Fig.  35.— Geologic  At  Map  of  Past  of  Frizincton  District. 


latter  part  of  the  present  year  (1892),  when  few  people  have  an 
excuse  for  not  knowing  something  of  the  geology  of  the  district. 
In  another  part  of  the  same  district  a  number  of  bores  were 
put  down  through  Permian  rocks.  After  passing  some  depth 
into  the  breccia,  which  in  parts  is  made  up  almost  entirely  of 
blocks  of  carboniferous  limestone,  they  were  stopped  in  the 
position  indicated  by  No.  1  borehole  in  Fig.  27,  the  person  in 
charge  thinking  that  he  had  gone  through  a  sufficient  thick- 
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ness  of  limestone,  and  that  there  was  then  no  chance  of 
finding  ore.  Other  parties  followed,  having  a  knowledge  of 
the  geology  of  the  district,  and,  perceiving  the  error  of  their 
predecessors,  put  down  a  bore  to  the  position  shown  by  No.  z, 
and  found  a  magnificent  bed  of  ore  in  the  first  limestone,  and 
another  in  the  second  limestone. 

Another  case,  showing  the  ridiculous  errors  which  may  be 
committed  by  those  who  have  not  taken  the  trouble  to  make 
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Fig.  26.— Section  r* 
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themselves  acquainted  with  the  structure  of  the  district  they 
are  exploring,  was  of  a  borehole  being  stopped  in  a  dark  shale 
belonging  to  the  coal  measures,  under  the  impression  that  it 
was  in  Skiddaw  slate.  This  latter  rock  must  have  been  at 
least  one  thousand  feet  below  the  bottom  of  the  hole. 

These  are  a  few  instances,  among  a  great  many,  of  the 
positive  waste  of  money  by  those  who  have  a  supreme  con- 
tempt for  geology,  and,  who  think  that  their  acquaintance 
with  the  methods  of  extracting  ore  in  the  mine  is  a  sufficient 
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justification  for  their  undertaking  work  that  requires  an 
entirely  different  training  and  special  qualifications. 

Let  us  look  now  at  some  of  the  facts  that  have  been 
observed  in  working  the  deposits  of  these  districts,  and  which 
may  be  safely  and  profitably  recognised  as  guides  in  searching 
for  hematite. 

First  among  these  is  the  fact  that  most  deposits  occur  by 
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Fig.  x"J. — Section  of  Paiaaflat  Mime. 


the  side  of  faults.     It  follows,  therefore,  that  in  looking  for 

haematite  our  operations  should  be  carried  on  alongside  some 
fault,  the  larger  the  better. 

Another  well-ascertained  fact  is,  that  all  the  large  deposits, 
unless  interfered  with  by  east  and  west  faults,  have  a  north  and 
south  direction,  as  also  have  the  small  "  guts "  or  "  ginnels," 
and  strings  of  ore  which  frequently  occur  quite  apart  from 
faults.    This  suggests  to  us  that,  in  boring,  our  holes  should 
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be  disposed  in  an  east  and  west  direction.  If  they  be  placed 
in  a  north  and  south  line  it  is  quite  possible  that  two  or  more 
of  them  might  pass  into  a  mere  "gut"  or  "ginnel "  of  ore, 
which,  although  of  considerable  thickness,  would  probably  be 
only  a  few  inches  wide.  Erroneous  conclusions  might  in  this 
way  be  arrived  at,  and  large  sums  of  money  be  absolutely 
wasted.    Cases  of  the  kind  have  actually  occurred. 

Some  deposits  are  vein-like,  others  bed-like.  In  the  White- 
haven district  the  former  occur  almost  exclusively  in  the  fourth 
or  Clints  limestone,  whilst  the  latter  are  found  in  all  limestones 
except  the  fourth.  In  Furness  bed-like  deposits  do  not 
occur. 

In  searching  for  a  vein-like  deposit  the  boreholes  should  be 
placed  much  nearer  together  (in  an  east  and  west  line)  than 
when  looking  for  a  bed-like  deposit,  for  reasons  already  given 
when  dealing  with  veins  and  beds.     When  speaking  of  the 
former,  it  was  stated  that  boring  was  not  the  best  means  of 
searching  for  veins,  nor  is  it  so,  if  drifting  can  be  resorted  to, 
as  it  generally  can  in  mountainous  countries ;  but  in  a  district 
like  that  of  Whitehaven,  where  the  surface  is  not  very  uneven, 
drifting  is  impossible  as  a  means  of  search  until  a  shaft  has 
been  sunk.     Sinking  is,  however,  much  too  costly  to  be  entered 
upon  until  a  deposit  has  been  found,  except  in  a  district  like 
Furness,  where  the  ore  frequently  occurs  just  below  the  boulder 
clay,  often  only  a  few  fathoms  thick.    There,  small  shafts, 
about  four  feet  square,  inside  of  wood,  are  frequently  sunk 
in  search  of  ore ;  but  in  the  Whitehaven  district  the  ore, 
as  a  rule,  lies  much  deeper,  and  is  overlain  at  times  by  a 
considerable  thickness  of  solid  rock,  so  that  boring  is  generally 
employed  in  this  district,  even  when  searching  for  vein-like 
deposits,  as  being  the  best  and  cheapest  in  all  the  circum- 
stances. 

As  already  pointed  out,  iron  ore  occurs  in  all  the  seven 
limestones  of  the  Whitehaven  district,  and  sometimes  we  meet 
with  workable  deposits  in  two  or  three  limestones  in  super- 
position, as,  for  instance,  in  the  first,  second,  and  third  lime- 
stones, the  third,  fourth,  and  fifth,  or  the  fifth,  sixth,  and  seventh; 
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but  notwithstanding  the  large  number  of  boreholes  that  have 
been  put  through  the  whole  thickness  of  the  limestone  forma- 
tion to  the  Skiddaw  slate,  there  is  not  a  single  instance  of 
a  good  workable  body  of  ore  having  been  found  in  the  seventh 
limestone  where  the  whole  formation  is  on.  Some  people, 
because  they  know  that  ore  is  met  with  in  each  of  the  seven 
limestones,  say,  "  Oh,  go  to  the  slate,"  irrespective  altogether 
of  the  thickness  of  the  limestone  overlying  the  slate,  and  in 
opposition  to  all  experience.  The  futility  of  going  to  the  slate, 
when  the  whole  limestone  formation  has  to  be  passed  through, 
was  pointed  out  by  the  author,  in  the  Colliery  Guardian, 
eighteen  years  ago;  and  although,  in  the  interval,  some 
hundreds  of  deep  bores  have  been  put  down,  yet  not  one  of 
them  has  found  a  good  workable  body  of  ore  in  the  seventh 
limestone,  where  all  the  seven  beds  had  been  passed  through. 

The  author  must  not  here  be  understood  to  say  that  iron 
ore  does  not  exist  in  the  seventh  limestone  when  that  is  over- 
lain by  the  other  six  beds,  but  rather  it  has  not  yet  been 
proved  in  large  remunerative  bodies  in  that  position,  notwith- 
standing the  many  attempts  that  have  been  made  to  find  it 

Hitherto  we  have  spoken  only  of  explorations  from  the 
surface.  In  the  mine  they  may  be  somewhat  varied,  as  it 
will  then  be  possible  to  search  for  vein-like  deposits  by  means 
of  drifts.  Even  bed-like  deposits  may  occasionally  be  sought 
in  that  way  by  drifting  through  a  fault. 

In  putting  down  boreholes,  the  work  is  sometimes  let  at 
so  much  per  fathom,  according  to  the  nature  of  the  strata  passed 
through,  but  the  better  practice  is  to  let  it  by  the  fathom, 
irrespective  of  the  kind  of  ground  cut  In  that  way  we  are 
more  likely  to  obtain  an  accurate  account  of  the  rocks  passed 
through,  which  is  of  the  utmost  importance  to  the  explorer. 
Journals  of  boreholes  put  down  by  contractors,  under  the  first 
mode  of  payment,  have  been  handed  in  that  were  purposely 
made  inaccurate,  so  as  to  obtain  a  higher  rate  of  remuneration, 
the  shale  beds  being  reduced  to  a  minimum  or  suppressed 
altogether,  whilst  the  limestones,  for  which  much  more  was  paid 
on  the  first  system,  were  correspondingly  exaggerated  in  thick- 
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ness,  so  that  it  was  impossible  for  any  one  even  to  guess  the 
geological  horizon  at  any  particular  part  of  the  bore,  although 
any  one  acquainted  with  the  succession  of  rocks  in  the  district 
would  have  detected  the  fraud.  Such  a  hole  is  absolutely 
useless,  unless  by  accident  it  should  pass  through  ore ;  but,  even 
in  that  case,  it  affords  very  little  help  in  fixing  the  position  of 
the  next  bore. 

It  may  here  be  mentioned  that  in  a  few  cases  in  the  White- 
haven district  a  double  rate  of  remuneration  was  paid  to  the 
boring  contractor  when  passing  through  iron  ore.  This  was 
done  with  the  intention  of  securing  accurate  samples  of  any 
deposit  passed  through,  but  it  more  frequently  led  to  dishonest 
returns;  and  instances  have  come  under  the  author's  notice 
where  large  sums  of  money  have  been  uselessly  expended  in 
sinking  to  the  ore  shown  in  these  fictitious  returns. 


CHAPTER  III. 
THE  WORKING  OF  IRON  ORES. 

THIS  branch  of  our  subject  will  perhaps  be  most  concisely 
dealt  with  under  the  three  heads  adopted  in  the  pre- 
ceding chapter — viz.,  veins,  beds,  and  irregular  deposits. 

It  is  not  intended  to  describe  the  various  mechanical 
appliances  employed  in  working  iron  ore,  as  these  are  prac- 
tically the  same  as  those  used  in  coal  mines,  and  have 
frequently  been  described  before.  The  object  now  aimed  at 
is  to  give  a  concise  outline  of  the  methods  of  extraction 
usually  followed  in  working  deposits  of  different  kinds. 

Veins. 

■ 

Deposits  of  this  nature  frequently  occur  in  mountainous 
regions,  where  it  is  possible  to  work  by  means  of  "  day  *  levels — 
that  is,  levels  driven  into  the  mountain  side  directly  on  the 
line  of  the  vein,  or  the  latter  may  be  reached  by  means  of 
crosscuts.  In  such  a  case,  levels  or  drifts  are  made  at  vertical 
intervals  of  sixty,  eighty,  or  one  hundred  feet,  or  more,  accord- 
ing to  the  character  of  the  ground.  If  that  be  steep,  and 
crosscuts  are  necessary,  they  will  not  be  long  so  that  they  may 
be  made  at  more  frequent  vertical  intervals.  If  the  levels 
commence  on  the  vein,  the  inclination  of  the  surface  is  not 
so  important,  and  the  distance  apart  of  the  levels  will  be 
determined  by  other  considerations. 

Sometimes  it  is  found  necessary,  from  the  nature  of  the 
ground,  to  sink  one  or  more  shafts,  and  from  these  to  drive 
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out  levels,  to  the  vein,  at  suitable  intervals.  Most  of  the  veins 
in  Cornwall,  Devon,  and  West  Somerset  have  been  worked 
in  this  way.  So  also  have  some  of  the  veins  of  Cumber- 
land. But  whether  worked  by  day  levels  or  by  shafts  the 
principle  is  the  same,  although,  other  things  being  equal, 
it  is  an  advantage  to  work  by  day  levels,  as  any  water  that 
may  enter  the  mine  can  then  pass  out  by  gravitation,  in 
which  case  the  cost  of  pumping,  sometimes  very  serious,  is 
altogether  avoided.  At  times  it  is  desirable  to  adopt  a  com- 
bination of  shafts  and  day  levels,  the  latter  being  arranged  to 


Fig.  28. — Longitudinal  Section  op  Vein-Workings. 

Rt/irmcts— A  Main  Levels.    B  IntermedUte  Levels.    C  Ri««    ,\i,   Ore. 

carry  off  the  water,  the  former  to  deal  most  advantageously 
with  the  output  of  ore. 

Figure  28  shows  the  manner  in  which  a  vein  in  steep  ground 
is  opened  out  by  means  of  main  levels,  intermediate  levels, 
and  "rises."  This  principle  is  practically  carried  out  in  the 
same  way  even  if  shafts  have  to  be  employed.  Owing  to  the 
irregular  manner  in  which  ore  occurs  in  these  veins, — that  is, 
as  lenticular  masses  of  various  dimensions  and  at  various 
intervals,— the  disposition  of  the  levels  and  "  rises  "  may  not 
often  have  the  regularity  they  present  in  the  above  section, 
but  will  be  located  according  to  circumstances,  always  bearing 
in  mind  that  the  intermediate  and  main  levels  are  intended 
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to  lay  open  the  ore  bodies,  while  the  "  rises,"  although  useful 
for  the  same  purpose,  when  they  can  be  conveniently  made 
in  ore,  are  mainly  arranged  for  ventilating  purposes,  and  for 
the  transference  of  ore  and  rock  from  the  intermediate  to  the 
main  levels. 

The  ore  left  in  the  ground  between  the  levels  and  "  rises  * 
is  removed,  in  due  time,  by  the  process  known  to  miners  as 
"  stoping,"  commencing  in  the  back  of  a  level  and  working 
upwards.  The  space  left  by  the  removal  of  the  ore  from  these 
"  stopes  "  is  sometimes  filled  with  rubbish  from  a  higher  level 
as  the  stoping  proceeds,  the  workmen  standing  on  the  accumu- 
lating rubbish.  At  other  times,  there  is  sufficient  rock  broken 
with  the  ore  from  the  vein  to  serve  this  purpose.  In  some 
cases,  however,  the  cheeks  of  the  vein  have  to  be  kept  apart 
by  timber.  To  keep  open  the  levels  and  rises,  whilst  in  use, 
also  requires  a  considerable  amount  of  timber  in  some  veins. 
Others,  again,  need  very  little. 

In  most  veins  the  ore  is  so  narrow  that  it  can  be  re- 
moved by  a  single  working  at  any  level.  In  others,  like 
some  of  the  bedded- veins  in  the  south  of  Spain,  it  is  so 
wide  (30  to  60  feet  and  over),  that  the  workings  on  each 
tier  are  conducted  on  the  pillar  and  stall  system,  as  will  be 
explained  later  on  when  describing  the  working  of  irregular 
deposits. 

Spain. — Some  of  the  larger  veins  in  Spain  have  been 
extensively  quarried  near  the  surface,  and  so  enamoured  are 
the  Spaniards  of  this  method  of  working,  that  they  have 
sometimes  continued  it  long  after  it  could  be  shown  to 
be  wrong,  both  from  a  monetary  and  a  mining  point  of 
view.  It  is  a  comparatively  simple  matter  to  say  when 
it  is  commercially  wise  to  stop  quarrying  and  commence 
mining.  The  depth  to  which  a  quarry  may  be  carried  so 
that  the  cost  shall  not  exceed  that  of  mining  depends — 1st, 
upon  the  width  of  the  vein ;  and  2nd,  upon  the  nature  of 
the  walls  and  the  cost  of  sloping  them  back.  The  rapid 
manner  in  which  the  cost  increases  with  the  depth  is  illus- 
trated by  the  dotted  lines  in  Fig.  29.     Of  course  the  "  batter  " 
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to  be  gives  to  the  quarry  walls  will  depend  entirely  upon  the 
character  of  the  rock. 

Alston  Moor,  etc. — Some  veins  in  this  country  have  also 
been  quarried  on  the  back,  but  not  to  any  great  extent ;  for  the 
ore,  as  a  rule,  is  not  wide,  and  therefore  the  cost  of  quarry- 
ing soon  becomes  excessive.  Some  of  the  limonite  veins  of 
Alston  and  Weardale  have  been  wrought  in  this  way  for  a  few 
fathoms  in  depth.     In  the  Lake  district,  in  Cornwall,  Devon, 


Fig,  39. — Section  Showing  Rate  op  Increase  of  Overburden  in 

Quarrying  Veins. 

Rtfmxtts-A  WdlsofVein.     B  Vein  of  Ore. 

and  Somerset,  veins  have  also  been  quarried  near  the  surface. 
The  deeper  ore,  in  all  cases,  was  mined. 

"  Edge  "  Coals  and  Ironstones  of  Scotland — The 
blackband  ironstones  of  the  Lothian  coalfield,  although  in 
reality  beds,  are  tilted  at  such  high  angles,  that  they  are  some- 
what like  veins,  and  the  method  of  working  them  is  so  similar 
to  that  adopted  in  the  case  of  veins,  that  it  may  be  fitly 
described  here.  Figure  30  is  a  cross  section  of  one  of  these 
seams,  showing  in  dotted  lines  some  of  the  different  tiers  of 
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workings,  which  are  carried  about  twenty  feet  apart  vertically. 
Figure  31  is  a  longitudinal  section  of  the  levels,  showing  the 
manner  in  which  they  are  put  out  from  the  shaft.  The 
latter,  it  may  here  be  mentioned,  is  sunk  on  the  inclination 
of  the  beds. 

In  working  the  coal  and  ironstone,  shown  in  section  Fig.  30 
— for  the  two  minerals  are  wrought  together — the  miners  "  hole" 
in  the  "  duff"  or  soft  shale,  under  the  coal,  the  dibris  from  the 
holing  being  thrown  into  that  part  of  the  working,  a,  Fig.  31, 


Fig.  30. — Section  or  "  Edge  "  Coal  and  Ironstone  Workings. 
(Scale  20  Feet  to  an  Inch.) 


which  is  under  the  level  of  the  road,  as  is  also  any  other  rocky 
material  which  it  becomes  necessary  to  cut  away  in  making 
room  for  the  "hutches"  to  travel.    The  coal  is  first  wedged 

off,  then  the  ironstone,  no  explosives  being  used. 


Northamptonshire,  etc.— When  beds  come  out  to  the 
surface  at  a  low  angle,  and  have  very  little  cover,  they  are 
usually  worked  opencast,  as  is  the  case  with  the  ores  of  the 
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secondary  rocks  in  Lincolnshire,  Leicestershire,  Northampton- 
shire, and  Wiltshire.  The  process  is  exceedingly  simple,  and  is 
illustrated  by  Fig.  32.  The  soil,  sand,  and  gravel  or  other 
covering  is  stripped  from  the  ore  for  a  few  yards  in  breadth 
along  the  line  of  the  intended  quarry  face.  The  dkbris  is 
deposited  in  any  convenient  place,  and  sometimes  levelled 
and  covered  with  the  soil  again.  Then  the  working  of  the 
ironstone  begins.  After  the  quarry  face  has  been  carried 
back  a  few  yards,  a  further  area  is  stripped  of  soil,  etc.  This  is 
deposited  to  the  rear  of  the  working  face  in  the  position  shown 
at  D,  Fig.  32.  So  is  any  refuse  from  the  ore  bed.  This 
latter  sometimes  amounts  to  as  much  as  30  per  cent,  of 
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Fig.  31. — Longitudinal  Section  of  Workings  in  Edge  Coal  and 
Ironstone  Measures.    (Scale  50  Feet  to  an  Inch.) 

the  whole  bed,  and  consists  mostly  of  small  ore,  which, 
on  account  of  its  mechanical  condition,  is  not  sent  to  the 
furnaces.  The  "gulls,"  or  clay  walls,  and  the  calcareous 
layers  sometimes  occurring  in  the  ore,  are  also  deposited 
in  the  rear,  as  described.  The  ore  is  filled  in  wagons 
with  forks  instead  of  spades,  so  as  not  to  take  up  the 
finer  ore. 

Every  time  a  fresh  area  of  ore  is  uncovered,  the  material 
removed  is  placed  in  the  same  relative  position.  In  some 
cases  the  top  of  it  is  ultimately  levelled  and  re-soiled,  so  as 
to  convert  it  into  agricultural  land  again. 

Ironstones  of  Cleveland  and  Lincolnshire,  etc. — 
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When  a  bed  of  ore  is  overlain  by  a  considerable  thickness 
of  cover,  as  in  Cleveland,  and  at  Claxby,  in  Lincolnshire,  or 
where  the  overburden  becomes  too  thick  to  remove,  as  near 
the  city  of  Lincoln,  or  at  Fawler,  in  Oxfordshire,  the  ore  has 
to  be  mined.  In  such  cases  one  or  more  levels  are  driven 
straight  into  the  ore  from  "day."  When  well  under  cover, 
cross  levels  are  put  off  on  each  side,  and  the  bed  thence- 
forward worked  on  the  system  known  as  "  pillar  and  stall "  or 
"  stoop  and  room  " ;  the  pillars  are  made  either  square  or 
rectangular.  The  height  of  the  levels  usually  corresponds 
with  the  thickness  of  the  bed,  unless  it  be  necessary  to  leave 
some  ore  on  to  form  a  better  roof,  or  because  of  its  inferior 
quality.      The  width  of  the  levels  varies  from  6  to  15  feet, 


Fig.  32. — Section  Showing  Mode  of  Working  Northampton  Ore,  etc. 

Rtftrgncts—k  Sand  and  Gravel.       B  Ore  Bed.      C  Blue  Clay.      D  Debris 

(redeposited  overburden,  etc.). 


and  the  size  of  the  pillars  from  about  30  or  40  to  60  feet 
square,  and  upwards,  depending  upon  the  thickness  and  cha- 
racter of  the  overlying  rocks,  and  also  upon  the  nature  of 
the  ore- bed. 

More  or  less  timber  is  needed  to  support  the  roof  of  the 
levels,  the  quantity  varying  with  the  nature  of  the  ground  to 
be  kept  open.  Much  of  this  can  be  drawn  and  used  two  or 
three  times  over.  In  Cleveland  steel  girders  are  sometimes 
used,  in  place  of  timber,  in  the  main  roads. 

When  explosives  are  necessary  powder  is  used,  as  being 
superior  to  dynamite  for  this  class  of  work.  The  holes,  unless 
bored  by  machinery,  are  almost  invariably  "jumped"  by  a 
loaded  drill,  and  are  mostly  triangular  in  section. 
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In  time  the  pillars  are  removed.  This  operation  requires 
an  additional  quantity  of  timber ;  in  some  cases  oak  "  chocks  " 
are  used,  which  can  be  withdrawn  when  no  longer  needed 
and  carried  to  another  pillar. 


Fig.  33.— Section  across  face  of  Longwall  Working. 
References— A  Ironstone.      B  "Holing."      C  Packed  "Gob"  or  "Goaf." 

In  Cleveland  much  of  the  ore  is  worked  by  shafts  as  well 
as  by  day  levels,  as  already  mentioned  in  Part  II. 

Clay  Ironstones  of  Scotland,  etc.— Thin  beds,  like  the 
clay  band  and  blackband  ironstones  of  Scotland,  etc.,  are  usually 
worked  on  the  system  known  as  "  longwall."  In  this  way  the 
whole  of  the  bed  is  removed  at  once.     The  nature  of  the 


Fig.  34. — Cross  Section  of  Longwall  Workings.     (Scale  30  Feet 

to  an  Inch.) 

References— A  "Trailing"  or  " Drawing "  Roads.        B  Packed  Goaf. 

work  will  be  understood  by  reference  to  Figs.  33,  34  and  35. 
Figure  35  is  a  plan  showing  some  of  the  roads  leading  to 
the  working  faces,  and  the  packed  "gob"  or  "goaf"  between 
those  roads.  Figures  34  and  33  are  vertical  sections  on  lines 
a  b  and  c  d  respectively. 

The  holing  is  sometimes  done  on  the  top  of  the  stone, 
at  other  times  below  it.  The  ore  is  then  wedged  up  or  down, 
or  shot-holes  are  put  into  the  roof  or  sole,  and  the  ore  blasted 
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by  powder.  The  debris  which  comes  from  the  "  holing " 
is  thrown  behind  the  workmen  to  assist  in  keeping  up  the 
roof.  Sometimes  this  is  in  excess  of  what  is  needed  for  the 
purpose.  It  has  then  to  be  sent  up  the  pit.  In  working 
some  of  the  nodular  ironstones  of  Staffordshire  and  else- 
where, as  much  as  a  tub  of  shale  is  sent  up  the  pit  for 
every  tub  of  ore. 

The  larger  blocks  of  shale  coming  from  the  upper  or  lower 
part,  as  the  case  may  be,  of  the  haulage  roads,  leading  to  the 
longwall  faces,  are  used  for  building  the  walls  on  each  side  of 
those  roads,  to  support  the  roof,  as  shown  in  Fig.  35.  In 
addition  to  these  walls,  timber  is  used  both  in  the  roads  and 


Fig.  35.— Plan  or  Longwall  Workings.    (Scale  30  Feet  tc 


n  Inch.) 


immediately  behind  the  working  faces,  as  shown  in  Figs. 
33  and  34. 

The  outcrop  of  the  nodular  ironstones  in  Derbyshire, 
Staffordshire,  etc.,  have  been  largely  worked  "opencast,"  or  by 
what  are  known  as  "  bell "  pits. 

Antrim, — In  the  Antrim  mines,  which  are  worked  partly 
pillar  and  stall,  but  mostly  longwall,  it  is  unnecessary,  as  a 
rule,  to  "  hole,"  the  ore  being  of  such  a  nature,  generally,  that 
it  can  be  dug  out  by  the  pick.  Explosives  are  only  used  in  the 
neighbourhood  of  a  "  dyke,"  where  the  ore  has  been  fused, 
and  is  consequently  harder.  When  possible,  the  thin  clay 
lying  between  the  ore  and  basalt  roof  is  left  on.     Sometimes, 


WORKING  ORE-BEDS. 


361 


Fig.  36.— Plan  of  Dungonnel  Mink.    (Scale  462  Feet  to  an  Inch.) 
References— A  Ore  Bed  worked.       B  Ore  Bed  too  thin  to  work.      C  Basalt. 


362  THE  IRON   ORES  OF  GREAT   BRITAIN. 

however,  it  falls.  It  is  then  thrown  into  the  "goaf"  behind 
the  workmen,  or  otherwise  disposed  of  in  the  mine. 

As  a  rule,  the  ore  bed  has  a  gentle  rise  to  the  north.  The 
"  day  "  levels  are  therefore  generally  driven  from  a  southerly 
outcrop,  so  as  to  get  clear  of  the  water  by  gravitation.  If  the 
ore  be  worked  to  the  dip,  that  is,  from  a  northerly  outcrop, 
which  it  seldom  is,  long  expensive  under-drifts  have  to  be 
driven,  to  tap  the  bed  at  some  distance  in  from  "  day,"  and  this 
adds  considerably  to  the  cost  of  working. 

Figure  36  is  a  plan  of  one  of  these  mines,  from  which  it  will 
be  seen  that  a  certain  proportion  of  the  ore  has  to  be  left, 
being  too  thin  to  work.  The  quantity  of  ore  raised  from  the 
area  exhausted  in  this  mine  was  about  6,000  tons  per  acre,  the 
average  thickness  being  about  16  inches. 

Irregular  Deposits. 

Most  deposits  of  this  class,  when  mined,  are  worked  on  the 
system  known  as  "pillar  and  stall";  some,  however,  are 
quarried. 

Devon. — The  dish-like  deposits  of  limonite  occurring  near 
Brixham  were  worked  opencast. 

South  Wales. —  The  upper  part  of  the  deposits  at 
Llanharry,  Bute,  and  Mwyndy,  in  South  Wales,  were  also 
worked  opencast,  the  deeper  portions  being  mined. 

Bilbao. — The  Bilbao  deposits  are  all  quarried,  being 
very  near  the  surface.  Most  of  them  have  only  a  thin  cover- 
ing of  soil  and  rocky  debris,  although  some,  such  as  those 
on  the  Triano  Mountain,  are  overlain  by  shale  or  limestone. 
These  rocks,  however,  are  thin  as  compared  with  the  ore,  and 
therefore  they  are  removed,  the  deposit  being  afterwards  quar- 
ried. Where  the  concessions  are  of  small  extent,  and  thickly 
crowded  together,  as  on  the  Triano,  a  difficulty  arises,  in 
working  these  quarries,  from  want  of  space  on  which  to  deposit 
the  overburden  and  the  rock  which  occurs  in  association 
with  ore.  If  the  whole  concession  happens  to  contain 
ore,  and  arrangements  cannot  be  made  with  a  neighbour  for 
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depositing  the  surface  material,  only  a  portion — say  half — of 
the  ore  can  be  uncovered  at  once,  the  dkbris  being  placed 
on  the  remaining  area.  After  a  certain  depth  of  ore  has  been 
worked,  the  rubbish,  as  well  as  the  overburden  lying  on  the 
unworkdd  portion,  is  put  into  that  hole,  and  the  second  part 
of  the  quarry  worked  down  to  the  same  level  as  the  first 
This  process  is  several  times  repeated,  until  the  bottom  of  the 
ore  is  reached. 

In  some  cases,  where  there  is  depositing  ground  for  the 
rubbish,  nearly  the  whole  thickness  of  the  ore  can  be  worked 
at  once,  as  in  the  "  Caesar  "  mine,  which  was  approached  by 
a  tunnel  nearly  on  a  level  with  the  bottom  of  the  ore.  In 
such  a  case  the  ore  is  worked  in  steps  or  stages  of  about  30 
feet  in  height,  the  working  of  the  uppermost  being  the  most 
advanced. 

In  these  quarrying  operations  the  explosive  mostly  used  is 
powder,  but  in  the  rubio  mines  or  quarries  dynamite  is  used 
as  well,  for  enlarging  the  bottoms  of  the  holes  so  as  better 
to  concentrate  the  action  of  the  powder.  This  enlargement 
takes  place  through  the  bursting  of  the  walls  separating  the 
cells  which  are  so  numerous  in  rubio. 

Rosedale,  etc. — Irregular  deposits  are  not  often  so  situated 
that  they  can  be  worked  by  "  day  "  levels,  though  some  such 
cases  are  known,  as,  for  instance,  the  magnetic  ore  of  Rosedale 
and  the  haematite  worked  at  Dalzell's  Gutterby  in  the 
Whitehaven  district.  Both  these  deposits  were  worked  on  the 
pillar  and  stall  system.  In  the  latter  mine  there  was  only  one 
tier  of  workings,  but  in  the  former  the  ore  was  thick  enough, 
in  places,  to  admit  of  three  tiers  being  driven.  Where  the 
trough-shaped  bodies  of  the  Rosedale  ore  came  out  to  "  day  " 
they  were  quarried,  but  the  ground  overlying  the  deposit  rose 
so  rapidly  that  the  increasing  thickness  of  overburden  soon  put 
a  stop  to  that  simple  method  of  procedure,  and  the  remainder 
of  the  deposit  had  to  be  mined  by  pillar  and  stall. 

When  it  is  not  possible  to  quarry  an  irregular  deposit,  it  is, 
as  a  rule,  necessary  to  sink  one  or  more  shafts  from  which 
to  work  it,  and  that  has  been  the  practice  in  all  the  districts 
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hereinafter  noticed.     The  situation  of  the  shafts  in  relation  to 
the  deposit  will  be  seen  in  Figs.  8,  10,  17,  19  and  zo. 

Forest  of  Dean.— In  the  Forest  of  Dean  the  shallower 
deposits,  along  the  outcrop  of  the  "crys  ",  were  worked  open- 
cast. A  sketch  of  one  of  these  old  workings  at  Dean  Pool, 
on  the  west  side  of  the  Forest,  is  given  below. 


Fig.  37. — View  or  an  Old  Iron  Ore  Working  at  Dean  Pool. 

The  "  chums  " — that  is,  the  deposits  of  deeper  ore  which 
have  a  rock  roof — are,  as  a  rule,  of  such  dimensions  that  they 
can  be  exhausted  in  one  operation,  so  that  there  is  no  need 
to  leave  any  pillars.  A  peculiarity  in  connection  with  the 
working  of  these  "  churns  "  may  here  be  mentioned,  as  it  is 
quite  unique,  at  the  present  day,  in  this  country. 
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As  pointed  out  in  Part  II.,  the  churns  are  generally  con- 
nected with  one  another  by  "  strings  "  or  "  leads  "  of  ore. 
These  "  leads "  vary  greatly  in  size,  sometimes  being  a  mere 
joint,  at  others  widening  out  to  a  foot  or  two,  or  even  more, 
then  nipping  in  again,  and  they  often  take  a  very  zigzag  course 
through  the  rocks.  In  searching  for  "  churns  "  these  "  leads  " 
are  followed  from  the  main  roads  by  small  drifts,  in  places  only 
just  large  enough  for  a  man  to  pass  through,  in  a  crouching 
attitude.  When  a  churn  has  been  found  these  small  drifts 
are  often  used  for  conveying  the  ore  to  the  main  haulage 
roads  leading  to  the  shaft.  They  are  too  small  and  often  too 
steep  to  admit  "  carts,"  as  the  tubs  or  bogies  are  there  called, 
so  that  the  conveyance  of  ore  through  them  is  effected  in  the 
following  manner.  Small  boys,  called  "  billy  *  boys,  carry  the 
ore  on  their  backs  in  boxes,  called  "  billies. "  The  sides  of 
these  "  billies  "  are  made  of  thin  sheet  iron,  and  the  bottom, 
which  is  flat,  of  wood.  The  boys,  without  having  any  hold 
of  the  "billies"  with  their  hands,  go  up  and  down  ladders, 
and  along  other  parts  of  the  uneven  and  zigzag  "  billy  " 
roads,  at  an  astonishing  speed,  depositing  their  load  of  ore 
into  "  carts,"  which  are  then  run  in  the  ordinary  manner  to 
the  shaft.  Not  much  timber  is  necessary  in  the  working 
of  these  mines,  as  the  roads  are  usually  driven  in  strong 
ground. 

Furness. — In  Furness,  some  of  the  shallower  ore  has  been 
quarried,  as  at  Plumpton  and  Martin,  but  generally  speaking 
it  has  been  mined. 

We  will  now  consider  the  method  of  working  generally 
adopted.  The  main  levels  are  put  out  from  the  shaft  at  about 
every  ten  fathoms,  each  level  being  opened  out  to  the  boundary 
of  the  ore  on  the  principle  of  "pillar  and  stall."  The  ore 
drifts  in  any  particular  mine  are,  as  a  rule,  made  of  a  uni- 
form size,  because  they  have  to  be  timbered.  They  vary, 
however,  in  different  mines  from  6  to  9  feet  square  inside 
of  wood.  In  the  size  and  form  of  the  pillars  there  is  no 
regularity,  the  drifts  being  turned  in  any  direction  to  avoid 
stone,  black  muck,  or  clay.     This  irregularity  is  illustrated  in 
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Fig.  38,  which  is  a  plan  of  one  of  the  tiers  of  workings  in  a 
small  mine  opened  out  in  this  manner. 

From  the  main  levels,  one  or  more  vertical  "  rises  n  are  put 
up  near  to  the  top  of  the  tier  of  ore  to  be  worked,  and  from 
these  "  rises  "  other  levels  are  afterwards  set  off,  working  from 
the  top  downwards,  in  stages  of  7  or  10  feet.  The  whole 
process  is  explained  in  Plate  V.  A.  is  a  plan  and  section  of  a 
deposit  of  ore.     B.  shows  a  shaft  sunk  on  the  ore  and  the  first 


Shaft 


Fig.  38. — Plan  op  Workings  in  a  Furness  Mine. 

to  an  Inch.) 


(Scale  60  Feet 


main  level,  with  two  "rises"  therefrom,  and  drifts  put  out 
immediately  below  the  superficial  deposits.  This  tier  is 
exhausted  by  removing  the  pillars  in  the  manner  shown  in 
Fig.  39,  which. is  a  complete  plan  (after  the  removal  of  pillars) 
of  the  tier  of  workings  shown  in  Fig.  38.  The  pillars  are 
removed  by  taking  off  one  cut  after  another,  by  timbered 
drifts,  as  indicated  by  the  dotted  lines  in  Fig.  39.  After  the 
exhaustion  of  this  topmost  layer  of  ore  a  lower  tier  is  begun, 
as  indicated  in  C,  Plate  V.     By  the  time  operations  have  gone 
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thus  far  the  shaft  has  been  deepened,  and  other  main  levels  com- 
menced. The  exhaustion  of  the  ore  in  the  upper  levels  goes  on 
uninterruptedly  tier  after  tier,  and,  by-iand-by,  a  state  of  things  is 
produced  somewhat  similar  to  that  shown  in  D.,  Plate  V.  No.  2 
shaft  being  now  in  full  operation  the  ore  around  the  upper 
part  of  No.  1  shaft  is  removed,  causing  the  latter  to  collapse. 
No.  2  shaft  is,  at  the  same  time,  sunk  deeper,  and  eventually 
a  section  resembling  E.,  Plate  V.,  is  produced.    The  second 


Shaft 


FIG.  39. — Plan  Showing  Method  of  "Robbing"  a  Furness  Mine. 

(Scale  60  Feet  to  an  Inch.) 

shaft  is  again  deepened,  another  level  driven  out  to  the  ore, 
and  ultimately  the  deposit  is  exhausted.  The  surface,  which 
has  all  the  while  been  subsiding,  as  shown  in  the  different 
sections,  then  appears  as  in  plan  and  section  F.,  Plate  V.,  water 
in  all  probability  collecting  in  the  depression,  owing  to  the 
stoppage  of  pumping  operations. 

If  the  approximate  area  of  a  deposit  were  ascertained  by 
boring  before  sinking  operations  began,  a  shaft  in  the  position 
of  No.  1,  a,  Plate  V.  might  be  dispensed  with,  and  the  ore 
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exhausted  from  one  in  the  position  of  No.  2.  But  as  deposits 
of  this  kind  are  generally  very  near  the  surface,  it  is  considered 
to  be  the  better  practice  partly  to  prove  the  horizontal  extent 
of  the  ore  by  means  of  a  temporary  exploring  shaft  sunk,  it 
may  be,  somewhat  in  the  position  of  No.  1. 

The  softer  ore  of  Furness — /.*.,  the  greater  part  of  the 
whole — is  got  mainly  by  the  pick,  a  little  dynamite  or 
gelatine  being  used  merely  to  loosen  it  The  harder  ore  is 
blasted. 

The  mode  of  setting  the  timber  when  working  under  a 
broken  roof  or  "  loose  top,"  as  is  mostly  the  case,  is  shown  in 


Fig.  4a— Section  Showing  Mode  of  Timbering  with  a  Broken 

Roof  or  "Loose  Top." 

Rtftrtncts—k  Ore.      B  Sand,  Gravel  and  old  Timber,  etc. 

vertical  section  by  Fig.  40.  All  the  drifts  in  the  soft  ore  have 
to  be  timbered,  so  have  those  in  the  harder  ores  that  are 
worked  with  a  loose  top.  But  when  the  roof  is  hard  and 
strong,  timber  is  not  required. 

Cumberland.— In  the  Whitehaven  district  the  mode  of 
procedure  differs  considerably  from  that  of  Furness.  Some 
of  the  ore  here  has  been  quarried,  as  at  Todholes,  Cleator, 
Crossfield,  Montreal,  and  Bigrigg,  but  by  far  the  greater  part 
has  been  mined. 

We  will  take  the  bed-like  deposits  first,  as  being  simplest 
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These,  as  a  rule,  are  opened  out  by  workings  of  the  full  height 
of  the  ore,  and  from  10  to  30  feet,  or  more,  wide,  according 
to  the  nature  of  the  roof.  No  distinction  is  made  between 
"  headways  "  and  "  bordways." 

The  courses  of  the  workings  are,  in  a  great  measure,  deter- 
mined by  the  character  of  the  ore  bed.  If  it  be  free  from 
stone,  they  may  be  carried  parallel  to  one  another  and  at  right 
angles,  so  that  the  pillars  are  either  squares,  25  to  30  feet  on 
each  side,  or  equivalent  rectangles.  But  if,  as  more  frequently 
happens,  irregular  masses  of  stone  occur  in  the  ore,  then  the 
workings  may  take  devious  courses,  and  the  pillars  be  of 
different  shapes  and  sizes. 

In  removing  the  pillars,  it  is  usual  to  begin  at  the  outer 
edge  of  the  deposit  and  work  back  towards  the  shaft 

Those  bodies  of  ore  which,  in  Part  II.,  are  called  "  irregular- 
shaped  deposits,"  are  of  much  greater  thickness  than  the  bed- 
like deposits,  and  they  are  worked  in  floors  or  "  eyes,"  to  use 
a  local  expression.  These  "  eyes  "  are  usually  about  30  feet 
apart — sole  to  sole — and  the  workings  are  carried  10  to  20 
feet  square,  in  section,  according  to  the  nature  of  the  ore. 
This  leaves  a  thickness  of  ore  between  the  sole  of  one  floor 
and  the  roof  of  the  workings  in  the  floor  or  "  eye  "  below, 
varying  from  10  to  20  feet.  This  ore  is  locally  called  a 
"  middling." 

When  a  deposit  is  free  from  stone  the  workings  and  pillars 
on  the  different  floors  may  be  kept  exactly  over  one  another, 
but  usually  this  arrangement  is  disregarded,  and  the  pillars  of 
one  floor  may  be  standing  directly  over  the  workings  of  the 
floor  below.  Where  the  middlings  are  properly  proportioned 
to  the  nature  of  the  ore  this  can  be  done  with  impunity. 

The  pillars  are  taken  out  as  in  the  bed-like  deposits, 
commencing  on  the  uppermost  floor.  The  "  middlings  "  are 
removed  in  a  manner  resembling  that  of  working  the  Furness 
ore,  beginning  at  the  top,  and  proceeding  by  stages  downwards. 
Then  the  next  tier  of  pillars  is  removed,  and  so  on  to  the 
bottom  of  the  deposit. 

The  vein-like  deposits,  when  wide,  are  worked  in  a  manner 
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somewhat  similar  to  the  irregular-shaped  deposits,  but  when 
under  ao  feet  wide  they  are  wrought  more  like  true  veins.  The 
ore  then  being  so  narrow,  the  full  width  of  it  can  be  taken  at 
once ;  so  that  there  is  no  need,  and,  in  fact,  no  room,  for 
pillars. 

The  main  levels  from  the  shaft  are  not  often  less  than 
60  feet  apart  vertically ;  but  in  working  vein-like  deposits 
intermediate  levels  are  connected  with  them  by  means  of 
"rises." 

The  first  shafts  sunk  to  work  a  deposit  frequently  collapse 
from  the  dragging  of  the  ground,  caused  by  the  subsidence 


Hf 


Fig.  41. — Section  Showing  Method  or  Timbering  v 
Roof.     (Ore  at  A.) 


of  the  surface,  or  they  may  be  located  in  the  heart  of  a  deposit, 
as  shown  in  plan  A,  Plate  V.  In  either  case  other  shafts  are 
sunk  to  replace  them,  in  order  to  complete  the  exhaustion  of 
the  deposit  or  deposits. 

All  the  ore  is  blasted,  gelatine,  gelatine-dynamite,  dyna- 
mite, or  gelignite,  and  occasionally  powder  being  used, 
according  to  the  nature  of  the  ground. 

Timber  is,  sometimes,  not  required  in  the  first  working ; 
but  more  frequently  it  is  necessary  to  use  it.  In  taking  out 
the  pillars  and  "  middlings  "  timber  is  used  in  large  quantities. 
The  mode  of  setting  it  in  the  first  workings,  whenever  its  use 
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is  necessary,  is  shown  in  Fig.  41.  In  the  "  robberies,"  as  the 
work  of  removing  the  pillars  and  middlings  is  called,  it  is  often 
set  as  in  Fig.  40. 

All  the  methods  of  working,  described  above,  are  those 
usually  followed,  although,  in  special  cases,  they  may  have  to 
be  varied  in  accordance  with  the  terms  of  agreement  between 
lessee  and  lessor,  or  because  of  the  particular  conditions  to  be 
contended  with. 


CHAPTER  IV. 
WORKING   COSTS   AND   SELLING   PRICES. 

AS  might  be  expected,  these  vary  greatly  even  in  the  same 
district,  so  that  it  will  only  be  possible  to  deal  with  them 
in  a  general  way.  Working  costs,  moreover,  depend  largely 
upon  the  price  of  labour  and  materials,  which  also  vary  greatly 
in  different  districts  and  at  different  times,  so  that  working 
costs,  stated,  as  they  often  are,  without  any  mention  of  the 
rate  of  wages  or  of  the  materials  used,  are  of  very  little  value 
at  any  time,  and  of  no  value  whatever  after  the  rate  of  wages  and 
materials  have  changed.  In  the  statements  which  follow  this 
will  be  obviated,  either  by  giving  the  rate  of  wages  and 
materials  on  which  the  costs  are  based,  or  by  stating  the 
quantity  of  labour  and  materials  necessary  to  get  and  place  in 
a  given  position  a  given  quantity  of  ore  or  rock  of  different 
kinds. 

Cost  of  Explorations. 

This  is  exceedingly  variable,  and  depends  upon  a  variety 
of  circumstances,  such  as  the  depth  at  which  it  is  expected  the 
ore  will  be  found,  the  nature  of  the  rocks  to  be  pierced,  and 
the  locality  in  which  the  explorations  are  to  be  conducted. 

Trenching.  The  cost  of  this  work  in  ordinary  surface 
materials,  such  as  sand,  gravel,  and  boulder-clay,  may  be 
reckoned,  on  an  average,  at  about  seven  cubic  yards  per  man 
per  day. 

Drifting  and  Sinking.  These  will  be  dealt  with,  in  detail, 
when  we  come  to  consider  the  cost  of  such  works  in  opening 
out  a  mine.  In  exploratory  works  sinking  is,  as  a  rule,  only 
resorted  to  when  the  ore  sought  is  immediately  below  the 
superficial  accumulations. 
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Boring.  The  actual  cost  of  boring  is  very  variable  even 
in  the  same  class  of  rocks,  and  within  a  very  limited  area, 
arising  from  causes  apart  altogether  from  such  variations  as 
may  be  due  to  occasional  accidents  to  the  machinery.  For 
instance,  the  ground  may  be  very  much  more  jointy  at  one 
place  than  at  another,  and  pieces  of  rock  may  fall  into  the 
hole  and  jam  the  rods,  causing  great  delay,  and  possibly  the 
abandonment  of  the  hole.  Then  again,  the  ground  may  be 
much  harder  at  one  place  than  at  another,  even  if  the  rocks 
passed  through  have  the  same  general  character,  or  there  may 
be  a  larger  proportion  of  soft  rock  in  one  hole  than  in  another. 

Other  things  being  equal,  the  cost  per  fathom  increases 
with  the  depth,  though  we  frequently  find  in  boring  through 
the  same  class  of  rock  that  this  does  not  hold  good,  as  the 
strata,  although  of  the  same  kind,  may  be  softer  at  a  given 
depth  than  nearer  the  surface.  Below  is  given  the  cost  for 
labour  alone  of  boring  two  holes,  in  different  rocks,  to  a  depth 
of  65  fathoms  with  an  ordinary  percussive  machine  actuated  by 
a  steam-engine  and  spring-pole.  Two  men  and  a  boy  attended 
to  the  machinery,  etc.,  on  each  shift,  and  they  worked  two 
shifts  of  12  hours  each  per  day.  There  were  no  accidents  of 
any  moment  to  cause  delay,  so  that  the  results  may  be  looked 
upon  as  better  than  the  average  obtainable : — 
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No.  1  was  in  carboniferous  limestone  with  a  few  thin  beds 
of  shale.  No.  2  in  red  sandstone.  The  average  diameter  of 
both  holes  was  4 \  inches.  They  began  6  inches  diameter  and 
finished  4  inches.    The  total  cost  was  as  under : — 


Labour  (two  men  and  one 

boy  at  izr.  per  shift) 
Do.  erecting  and  removing 

machinery       

Coal  (at  gs.  6d.  per  ton) 
1  uoes  ...        ...        ••■ 

Stores  (oil,  etc.,  for  engine) 
Water  (at  6d.  per  1000  galls.) 
Sundries       ...        ... 

Use  of  machinery 

Total        


The  erection  and  removal  of  the  boring  plant  may  be  put 
at  eight  or  ten  days  each  for  two  men  and  a  boy,  and  a  quarter 
of  a  day  for  a  horse  and  man,  if  the  distance  does  not  exceed 
100  feet. 

In  boring  a  series  of  holes,  the  above  cost  would  probably 
be  increased  about  20  per  cent,  by  accidents  and  other 
contingencies. 

If  the  Diamond  Boring  machine  be  employed  a  great  saving 
of  time  is  effected,  but  it  is  more  costly.  Boreholes  Nos.  1 
and  2,  above,  were  put  down  by  a  percussive  machine,  in  164 
and  88  days  (of  24  hours),  respectively.  By  the  Diamond 
Machine  they  could  have  been  made  in  36  and  24  days, 
respectively,  but  the  cost,  at  the  rates  usually  charged,  would 
have  been  greatly  increased. 

Cost  of  Sinking  and  Drifting. 

This  varies  with  (1)  the  hardness  of  the  rocks,  (2)  the  size 
of  the  works  carried  out,  and  (3),  in  the  case  of  sinking,  with 
the  quantity  of  water  encountered. 

With  the  cost  of  machinery  and  the  plant  generally  required 
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about  a  mine,  which  is  constantly  changing  but  easily  ascer- 
tained, it  is  not  intended  here  to  deal.  We  may,  however, 
profitably  inquire  into  the  cost  of  sinking  and  drifting  through 
the  different  description  of  rocks  usually  met  with,  such  as 
boulder  clay,  limestone,  sandstone,  and  shale. 

Sinking.  We  will  take  a  rectangular  shaft  of  ordinary 
size,  14I  feet  long  by  6  feet  wide,  outside  of  wood,  and  the 
quantity  of  water  not  exceeding  20  gallons  per  minute.  The 
cost,  per  lineal  fathom,  of  sinking  through  the  above-mentioned 
rocks,  in  ordinary  circumstances,  will  then  be  as  under : — 


Cost  of  Sinking  in  Boulder  Clay. 


Labour  and  Materials. 

Quantity  per 
fathom. 

Rate. 

Cost. 

Sinkers  and  bankers     

Dynamite            

V  use            ...            ...            •••            .. 

Va'ClDS                         ...                        ...                        ••*                        .  .  < 

Candles   ...        ... 

Sharpening  tools          

Shafting          „              

26  shifts 
3'i6  lb. 
32  ft. 
11  caps 
1-5  lb.1 
10  pts. 
14  shaft 

a.    d. 

5    3 
1    0 

0    0*25 

0    0*36 

0    4 

05 

3 

£    s.    d. 
6  16    6 
032 
008 
0    0    3*96 
006 
005 
0    0    4*50 

Total  cost  per  fathom 

•  •  • 

••• 

7     1  11*46 

These  figures  refer  to. a  very  stiff  lower  boulder  clay.  The 
ordinary  superficial  rocks,  such  as  sand  and  gravel,  or  even 
the  upper  boulder-clay,  may  be  sunk  through  at  prices  varying 
from  one-half  to  three-fourths  of  the  above..  The  cost  includes 
the  putting  in  of  all  necessary  timber.  The  shifts  are  eight- 
hour  shifts,  in  this  as  well  as  in  all  the  following  tables  of  costs, 
unless  otherwise  stated. 

A  small  exploring  shaft  about  4^  feet  square  could  be  sunk 
in  the  same  ground  for  about  one-fourth  of  the  above. 

1  The  reason  for  the  small  quantity  of  candles  used  here  is  that  the 
stratum  sunk  through  was,  as  is  invariably  the  case  with  this  description 
of  rock,  near  the  surface,  and  candles  could  be  dispensed  with  altogether 
for  a  few  fathoms. 
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Cost  of  Sinking  in  Limestone. 


Labour  and  Materials. 

Quantity  per 
fathom. 

Rate. 

Cost. 

Sinkers  and  bankers     

Dynamite 

r  use          ...          ...          ...          ... 

v^aps         ...         ...         ...         ... 

Candles   ...         ...         ...         ... 

Sharpening  tools          

Shafting          „              

78  shifts 
28  lbs. 

264  ft. 
95  caps 
18  lbs. 

1 10  pts. 
i£  shafts 

a.    d. 

5    3 

1    0 

0    0*25 
0    0-36 
0    4 
0    05 

0    3 

£    «.    d. 
20    9    6 
1    8    0 
056 
0    2  10-2 
060 
047 
0    0    4-5 

Total  cost  per  fathom 

•  •  • 

.«. 

22  16    97 

This  rock  was  what  would  ordinarily  be  considered  a 
moderately  hard  carboniferous  limestone.  It  did  not  require 
timbering,  but  the  above  cost  included  the  putting  in  of  three 
sets  of  bearers  (six  feet  apart  vertically)  for  the  support  of  the 
slides.  Some  limestones  may  be  sunk  for  three-fourths  of  the 
above  cost,  others  will  cost  more,  particularly  if  they  be 
"  loughy." 

Cost  of  Sinking  in  Sandstone. 


Labour  and  Materials. 

Quantity  per 
fathom. 

Rate. 

Cost. 

Sinkers  and  bankers 
Dynamite 

•v  U9C               •  •  •               •  •  • 

\^&p3              •  •  •             •  •  • 

Candles 

Sharpening  tools 
Shafting          „ 

1*  •                 •  • • 
■  •  •                 •  •  • 

>  •  ■                 •  •  ■ 

»  •  a                        •  •  • 
1  •  •                        •  •  • 

•  ■                         •  •  • 

•  •                        •  •  • 

30  shifts 
21  lbs. 
172  ft. 
62  caps 
10  lbs. 
64  pts. 
j  shaft 

s.    d. 

5     3 
1     0 

0    0*25 

O    0*36 

O    4 

0    05 

0    3 

£   «.    d. 
7  17    6 
1     1     0 

0    3    7 
0    1  io*3 

034 
028 

002 

Total  cost  per  fathom     ... 

•  •  • 

•  •  ■ 

9  10    i*3 

The  above  was  a  soft  red  Permian  sandstone  and  had  to  be 
closely  timbered.  The  labour  involved  in  timbering  is  included 
in  the  cost.    Some  of  the  sandstones  belonging  to  the  mill- 
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stone-grit  series  are  much  harder,  and  cost  nearly  twice  as 

much  as  that  of  which  we  have  just  given  the  particulars, 

which  was  perhaps  as  soft  a  sandstone  as  any  likely  to  be  met 

with. 

Cost  of  Sinking  in  Shale. 


Labour  and  Materials. 

Quantity  per 
fathom. 

Rate. 

Cost. 

Sinkers  and  bankers     

Dynamite 

r  ussc           •••           ••■           • » •           ••• 

wftW             •••             •••             •••             •  •  • 

VscLUQlGS     •••              •■■              •••              ••• 

Sharpening  tools          

Shafting          ,,              

46  shifts 
25  lbs. 
196  ft. 
68  caps 
1  ^  lbs. 
38  pts. 
ij  shaft 

s.    d. 

5    3 

1     0 

0    0*25 
0    0/36 
0    4 
0    0-5 

0    3 

£    a.    d. 
12     1     6 
1     5    0 
041 
0    2    0*48 
044 
017 
004 

Total  cost  per  fathom 

•  «• 

•  •  • 

13  18  10*48 

This  was  a  compact,  dark,  slaty  shale,  but  still  it  had  to  be 
timbered,  and  the  cost  of  that  work  is  included.  Some  of  the 
more  friable  shales  can  be  sunk  for  three-fourths  of  the  above 
amount. 

Drifting.  Let  us  now  consider,  shortly,  the  cost  of  making 
a  drift  six  feet  wide  by  six  feet  high  (inside  of  wood,  when 
timbered)  in  each  of  the  three  kinds  of  rock  last  mentioned. 

Cost  of  Drifting  in  Limestone. 


Labour  and  Materials. 

Quantity  per 
fathom. 

Rate. 

Cost. 

Miners  and  trailers 
Dynamite            

•v  U SyC                ...                ...                .  .  < 

v**aps               ...               .  a  .               ••■ 

Candles    ... 
Sharpening  tools 
Shafting          „ 

■  •  « 
►                 ■  •  • 
»                •  •  • 

•  •  a 
a  a  a 
9  a  a 
a  •  • 

21  shifts 
19  lbs. 
112  ft. 
50  caps 
8  lbs. 
60  pts. 
'83  shaft 

s.    d. 
4    6 
1     0 
0    0*25 
0    0*36 
0    4 
0    05 

0    3 

£    s.    d. 
4   14     6 
O  19     O 
024 
Ol6 
028 
026 

0    0    2-5 

Total  cost  per  fathom     ... 

•  •  a 

a  •  • 

6    2    8-5 
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The  examples  given  can  only  be  taken  as  illustrative,  for  the 
cost  varies  not  only  with  the  hardness  of  the  rocks,  but  with 
their  dip,  considered  in  relation  to  the  direction  of  the  drift 
The  presence  of  a  fault  or  "  cheek  w  along  one  side  of  a  drift 
may  also  considerably  affect  the  cost  of  the  latter. 

The  limestone  drift,  of  which  particulars  of  the  cost  of 
driving  are  given  on  p.  377,  was  driven  level,  square  across  the 
beds  and  towards  the  dip.  Some  limestones  may  be  driven  for 
25  per  cent,  less  than  this.    Others  would  cost  that  much  more. 

Archean  dolomite >  when  not  weathered,  costs  15  to  20  per 
cent,  more  than  the  above  limestone. 


Cost  of  Drifting  in  Sandstone. 


Labour  and  Materials. 

Quantity  per 
fathom. 

Rate. 

Cost. 

Miners  and  trailers       

Dynamite            

r  uzn*           •••           •  •  ■           «••           ••• 

X^CiLrS                     •  •  •                     •••                     •  •  *                    •  •  • 

Candles    ...         ...         ...         ... 

Sharpening  tools          

Shafting          „              ... 

17  shifts 
6*5  lbs. 

60  ft. 
20  caps 
<lbs. 

18  pts. 
£  shaft 

s.    d. 
4    6 
1     0 
0    0*25 
0    0*36 
0    4 
0    05 
0    3 

£    s.    d. 
3  16    6 
066 
013 
0    0    7*2 
0    1    8 
009 
002 

Total  cost  per  fathom 

•  •  • 

•  •  • 

4    7    5*2 

This  was  a  coarse  sandstone  belonging  to  the  grit  series, 
but  it  was  not  hard.  The  drift  was  driven  level,  but  towards 
the  rise  of  the  beds,  and  had  to  be  timbered — but  not  closely — 
on  account  of  the  numerous  joints  intersecting  it. 

The  cost  of  making  a  drift  in  shale  is  given  on  the  opposite 
page.  This  drift  was  driven  level,  on  the  strike  of  the  beds, 
and  timbered,  to  keep  back  the  sides.  The  roof  was  of  lime- 
stone, and  therefore  did  not  need  support. 

Some  shales  can  be  drifted  through  with  much  less  dynamite 
than  the  above — about  £lb.  per  fathom  being  sufficient — but 
the  quantity  of  labour  is  practically  the  same,  more  work 
having  to  be  done,  then,  with  the  pick. 
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Cost  of  Drifting  in  Shale. 


Labour  and  Materials. 

Quantity  per 
fathom. 

Rate. 

Cost. 

Miners  and  trailers       

Dynamite 

r  use         ...        ...        •••         ... 

v*aps         •••        ...        • . .         ... 

v^anoies    ...         ...         ...         • . . 

Sharpening  tools          

Shafting          „              ... 

16  shifts 
6-25  lbs. 
60  ft. 
22  caps 
5*5  lbs. 
20  pts. 
£  shaft 

s.    d. 
4    6 
1    0 
0    0*25 
0    0*56 
0    4 
0    05 

0    3 

£    8.    d. 

3  12    0 
063 
0     I     3 

0    0    7*92 
0    I  10 
0    0  10 
001 

Total  cost  per  fathom 

•  •  • 

•  •  ■ 

4    2  10*92 

Skiddaw  state,  which  is  practically  an  indurated  shale,  may, 
when  near  "  day,"  and  much  weathered,  be  driven  for  50  per 
cent,  less  than  the  above  cost.  But  when  deep  in  the  mine 
it  costs,  often,  85  per  cent.  more. 

The  same  remarks  apply  to  amphibolite,  gneiss,  and  all 
rocks  of  a  kindred  nature,  which  are  easily  wrought  near  the 
surface,  but  become  much  harder  in  depth. 

The  lithomarge  of  Antrim  may  be  driven  for  about  fa  and 
the  bole  or  "  pavement "  for  about  one-half  the  cost  given  in 
the  preceding  table  for  shale — that  is,  if  the  quantities  of 
time  and  materials  be  taken.  The  wages  paid  in  Antrim  are 
much  lower  than  those  given  in  the  table  referred  to,  and 
therefore  the  cost  in  money  will  be  proportionately  reduced. 
It  must,  however,  always  be  borne  in  mind,  throughout  this 
chapter,  when  costs  are  compound,  it  is  only  with  reference  to 
quantities  of  time  and  materials,  and  not  money  values,  for 
the  reason  explained  at  the  commencement  of  the  chapter. 


Cost  of  Working  Ore. 

The  total  cost  of  working  any  given  body  of  ore  depends, 
very  much,  upon  the  output  which  can  be  obtained  from  it. 
If  that  be  large,  the  rate  per  ton  of  ore,  for  all  general  charges, 
such  as  surface-labour,  explorations,  coals,  and  management, 
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is  reduced,  but  if  the  output  is  small,  these  standing  charges 
are  correspondingly  increased.  There  are  some  charges,  how- 
ever, which,  so  far  as  they  affect  the  rate  per  ton,  are  inde- 
pendent of  the  output ;  such  as  the  cost  of  breaking  and 
"  trailing  "  or  "  putting  "  the  ore,  and  of  the  timber  used  in  the 
working  places. 

The  principal  item  of  cost  in  working  iron  ore  of  any  kind 
is  that  of  getting  the  ore,  whether  it  be  blasted  or  dug  by  pick, 
so  that  this  part  of  the  subject  will  be  treated  in  considerable 
detail. 

In  order  to  avoid  repetition,  it  is  proposed  to  consider  this 
division  of  our  subject  .under  the  following  heads :  (1)  haematites, 
(2)  limonites,  (3)  magnetites,  (4)  iron  ores  of  the  secondary 
rocks,  and  (5)  argillaceous  ironstones  of  the  carboniferous 
rocks. 

HAEMATITES. 

Cumberland  and  Furness.  Other  things  being  equal 
the  cost  of  working  these  ores  depends  upon  their  hardness, 
which  is  very  variable  in  different  deposits,  as  may  be  judged 
from  the  following  particulars  as  to  boring  and  blasting.  The 
"  jumper "  or  drill  steel  in  general  use  for  boring  is  g  inch 
diameter.  The  long  jumpers  are  sharpened  to  1^  inch,  short 
ones  1 1  inch.  The  depth  of  the  holes  varies  from  i£  to 
3  feet,  the  average  being  about  2|  feet,  and  they  are  mostly 
bored  single  handed,  with  a  hammer  about  4|  to  5|lbs.  weight. 

In  hard  compact  ore  the  time  occupied  in  boring  one  of 
these  holes  has  been  known  to  take  twenty-four  hours,  and  90 
jumpers  were  blunted  in  the  operation.  But  the  average  time, 
by  selecting  the  softest  convenient  places,  is  about  9!  inches  per 
hour,  and  the  jumpers  blunted  about  2*2  per  foot.  In  the  first 
workings  one  pick  is  blunted  to  every  75  jumpers,  showing 
that  the  bulk  of  the  work  is  done  by  blasting.  When  there  is  a 
shale  bed  under  the  ore  which  can  be  "  holed,"  the  proportion 
of  picks  to  jumpers  is  about  1  to  9.  The  quantity  of  dyna- 
mite put  into  a  hole,  in  driving  the  first  workings,  is,  on  the 
average,  about  '22  lb.,  and  it  gets,  in  a  working  which  has  not 
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been  "  holed,"  about  '8  tons  of  ore ;  in  other  words,  it  takes 
•271b.  of  dynamite  to  get  one  ton  of  ore,  in  such  a  working. 

Of  this  class  of  ore,  a  man  in  an  eight-hour  shift  can  blast, 
fill,  and  trail  to  a  distance  of  about  50  yards,  1  '2  ton. 

The  miners'  cost  per  ton  of  ore  for  working  a  deposit  of 
this  nature,  in  which  the  workings  are  about  15  ft.  wide  and 
10  ft.  high,  and  in  which  no  timber  is  required,  and  the  ore 
has  to  be  trailed  or  "  put "  to  a  distance  of  50  yards,  is  as 
under : — 


Labour  and  Materials. 

Quantity 
per  ton. 

Rate. 

Cost. 

Miners  and  trailers 
Dynamite 

Jl  UIiC  ...                ...                ...                ••< 

v^aps                  ...            ...            * .  ■ 

Candles 

Sharpening  tools 

Shafting          „       

1                •  •  • 

•  •  • 

•  •  • 

•  •  • 
■  •  • 

•  •  • 

•83  shift 

•27  lb. 
2*27  ft. 
1*25  caps 

•34  lb. 
3  points 

•03  shaft 

8.    d. 
4    6 
1    0 
0    0-25 
0    0*36 
0    4 
0    0-5 
0    3 

s.    d. 
3    882 
0    3-24 
0    0*57 
0    045 
0    136 
0    1*50 
0    0*08 

Total  cost  per  ton    

... 

•  1  • 

4    402 

In  removing  the  "  middlings  "  and  parts  of  the  pillars,  this 
cost  would  be  reduced  from  30  to  45  per  cent.,  according  to 
the  quantity  of  timber  that  had  to  be  used. 

Loose,  rubbly  ore. — This  class  of  ore,  which,  in  working, 
breaks  up  into  small  pieces  and  fine  powder,  is  also  blasted ; 
but  after  a  good  shot  is  put  into  it  much  more  can  be  got 
by  the  pick  than  of  the  hard  ore.  This  will  be  made  clear 
when  it  is  stated  that  2  picks  are  blunted  for  every  jumper, 
whilst  in  the  hard  ore  the  ratio  is  1  pick  to  75  jumpers.  A  hole 
can  be  bored  in  this  ore  27  inches  deep,  in  about  half  an  hour 
if  it  be  an  "  upper,"  and  in  about  an  hour  if 4i  wet."  It  will  get 
on  an  average  1*9  ton  of  ore,  with  a  consumption  of  about 
•131b.  of  dynamite  per  ton  of  ore.  One  jumper  will  bore 
seven  to  eight  holes  before  it  needs  sharpening.  In  a  working 
10  feet  square  in  section  and  timbered,  a  miner  will  set  his 
timber,  get,  fill,  and  trail  a  distance  of  50  yards,  3  tons  of 
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ore  in  a  shift  of  8  hours,  and  the  total  cost  of  his  work  per 
ton  is  as  follows  : — 


Labour  and  Materials. 

Quantity 
per  ton. 

Rate. 

Coat. 

Miners  and  trailers            

Dynamite    ...        ...        ... 

JT  U9C  ■«•                ...                •■■                ...                ... 

\^aps              • . .          ...          ...          . . . 

Candles 

Sharpening  tools 

Shafting          „       ...        ...        ... 

•33  shift 

•13  lb. 
'94  foot 

'53  cap 
•13  lb. 
•4  points 
•02  shaft 

a.    d. 
4    6 
1    0 
0    0*25 
0    0-36 

0    # 
0    0*5 

0    3 

3.    d. 
I     5*82 
O     1*56 
O     0*23 
O    0-19 
O     0*52 

0   0-20 
0    0*05 

Total  cost  per  ton 

•  •  • 

... 

i    8-57 

The  cost  of  working  out  the  pillars  and  middlings,  in  this 
class  of  ore,  is  practically  the  same  as  that  of  the  first  working, 
presenting,  in  this  respect,  a  marked  contrast  to  the  reduced 
cost  of  pillar  working  in  the  hard  ore. 

The  cost  of  working  perhaps  half  the  ore  in  the  White- 
haven district  may  be  taken  to  be  about  midway  between 
the  two  cases  just  given,  the  quantity  of  ore  got,  filled,  and 
trailed  per  man,  per  shift  of  8  hours,  being  about  2  tons ; 
30  jumpers  being  blunted  to  1  pick,  and  the  quantity  of 
dynamite  used  per  ton  of  ore  being  about  -22lb. 

In  Furness,  the  hard  ore  is  not  so  hard  as  that  of  White- 
haven, but  it  also  is  got  by  blasting,  and  the  miners'  cost 
of  getting  it  is  about  73  per  cent,  of  that  of  hard  Whitehaven 
ore. 

The  softer  ore  of  Furness  is  got  mainly  by  the  pick, 
gelatine  being  used  simply  to  shake  it  A  miner,  in  addition 
to  timbering  his  drift  (about  7  feet  square  inside  of  wood),  can 
get,  fill,  and  trail  50  yards,  about  a|  to  3  tons  of  ore  per 
shift  of  8  hours,  and  the  quantity  of  gelatine  he  uses  is  '0151b. 
per  ton  of  ore ;  1  '4  picks  are  blunted  to  1  jumper,  and  about 
1  hole,  containing  '151b.  of  ^gelatine,  is  fired  for  every  10 
tons  of  ore  gotten. 


COST  OF  WORKING   HAEMATITE. 


383 


The  details  of  the  miners'  cost  of  an  average  deposit  of 
this  ore  are  given  in  the  subjoined  table  : — 


Labour  and  Materials. 

Quantity 
per  ton. 

Rate. 

Cost. 

Miners  and  trailers            

VtCULUuC           »■•             •••             •  ••              ■•• 

jt use  •••          •■•          •  •  •          •••          •  •  • 

V^cLvS                    •  •  •             •  •  •             •••              ••■ 

v^&hqio        *••          •  ••          •«•          ■•• 

Sharpening  tools    ... 

Shafting          ft       ...         ...         ... 

'4  shift 
•015  lb. 
'2  foot 
•1  cap 
•16  lb. 
.6  points 
•03  shaft 

8.    d. 
4    6 
1     2 

O     0*2 
O     0*36 
O     4 
O     05 

0    3 

a.    d. 
I     9*60 
O     0'2I 
O     0*04 
O     O-oj 
O     0*64 
O     030 
O     008 

Total  cost  per  ton 

•  •  • 

... 

I    IO'90 

When  any  of  these  ores  are  quarried  the  miners'  cost  is 
reduced  from  50  to  60  per  cent. 

Another  important  item  of  cost  in  the  mining  of  these 
ores  is  timber.  The  quantity  used  varies  greatly  in  different 
mines,  and  in  different  parts  of  the  same  mines.  For  example, 
in  making  the  first  workings  in  hard  ore,  if  there  is  a  solid 
top,  scarcely  any  timber  is  used,  whilst  in  the  loose,  rubbly  ore 
of  Whitehaven,  it  often  amounts  to  half  a  cubic  foot  and  more, 
whilst  in  the  softer  ore  of  Furness  it  reaches  £  and  f  of  a 
cubic  foot  per  ton  of  ore.  Again,  one  part  of  a  mine  may 
be  undergoing  the  process  of  "  robbing,"  whilst  another  part 
is  being  opened  out  by  the  first  workings.  Now,  in  almost 
all  robbery  workings,  a  large  quantity  of  timber  is  used,  no 
matter  whether  the  ore  be  hard  or  soft,  and  it  may  be  taken, 
on  the  average,  to  amount  to  about  §  of  a  cubic  foot  per  ton 
of  ore,  where  the  ore  is  solid ;  if  it  be  mixed  with  rock  or 
debris  the  quantity  of  timber  required,  per  ton  of  ore,  will  be 
increased. 

Let  us  now  consider  the  cost  per  ton,  during  first  work- 
ing, exclusive  of  royalty  and  way-leaves,  of  putting  these  ores 
on  to  trucks  at  the  pit's  mouth.  As,  however,  many  of  the 
charges  necessarily  vary  with  the  output,  the  examples  given 
must  only  be  considered  as  illustrative.     We  will  take  two 
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cases,  one  of  a  mine  in  hard  ore,  the  other  in  loose,  rubbly 
ore,  both  having  an  output  of  150  tons  per  day,  and  not  any 
water  to  pump. 


Items  of  cost. 

Hard  ore. 

Loose,  rubbly 
ore. 

Miners'  cost           ...        ...        ...        ... 

Surface  wages       

Explorations  and  other  dead  work 

x  1m  Der        ...         ...         ...         •••         ... 

*ooai                 • . .            ...            •••            ...            ... 

scores          ...         ...         •••         •••         •*• 

Rates  and  taxes 

Management,  etc.  ...        ...        ... 

s.    d. 
4    402 
O    4 
0    55 
0    0-5 
O     1 

0    3 
0    2*9 

0   25 

s.    d. 
I     875 
O     4 

0    55 
0    6 
0    1 

0    3 
0    2-9 
0    2-5 

Total  cost  per  ton             

5  11*42 

3    965 

Wages  on  which  the  above  Cost  is  based. 

s.    d.  8.    d. 


Miners 

Underground  labourers 

Bankers 

Surface  labourers 


4  6  to  5  o  per  day 

3  6  »  4  °    it    11 

4  °  11  4  6    „    „ 
3  4  i»  3  6 


fi    11 


Bilbao.  The  haematite  in  the  Triano  Mountain  is  quarried. 
A  man  can  get  and  fill  in  10  hours  about  4!  tons.  The  explo- 
sive mostly  used  is  powder.  Delivered  on  board  ship,  in  the 
river,  the  cost  per  ton,  exclusive  of  royalty,  is  approximately  as 
under,  for  an  output  of  about  250  tons  per  day. 


a.    d. 


o    5 


Removing  over-burden,  etc.  (varies  with  thickness) 

Soy  •  •  •  •■•  •  ■  •  •  •  •  ■■•  •  •  • 

Getting  and  filling  ore,1  (labour  only)  '24  day  at 

Explosives  and  tools 

Carriage  by  rope  tramway  to  "deposit"  at  Ortuella 
Carriage  by  rail  from  Ortuella  to  ship 
Management  and  sundry  charges 

Total  cost  per  ton  


1  The  filling  alone  is  done  at  the  rate  of  about  I  ton  in  6  hours  per  man. 


0 

7.92 

0 

4 

I,      0 

8 

I 

8 

0 

375 

4 

0*67 
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Wages  on  which 

THE 

above  Cost  is 

BASED. 

s.    d. 

s.    d. 

Drillers  and  shot-firers 

•  •  • 

3    6    to 

4    0  per  day 

Labourers          ... 

•  •  • 

2    0     „ 

2    6    »    » 

Women   ...        ...        ... 

•  •  • 

I     8     „ 

1    II      n      t, 

JDvV9             .  .  .              •••              •  •  • 

•  •  • 

1     3     if 

2     O     „     „ 

LlMONITE. 

Deposits  of  this  ore  occurring  in  limestone,  similar  to  those 
of  Trecastle,  Mwyndy,  and  the  Forest  of  Dean,  may  be  wrought 
at  approximately  the  same  cost  as  haematite,  haying  a  similar 
physical  condition,  and  therefore  it  is  not  necessary  to  notice 
them  separately. 

The  limonites  of  the  secondary  rocks  will  be  dealt  with  later 
on.  Those  of  Bilbao  cost  more  to  work  than  the  haematites 
of  that  region.  The  excess  is  entirely  in  the  extra  labour  of 
getting  and  filling,  which  is  sometimes  double  that  required  to 
work  campanil,  partly  on  account  of  the  harder  nature  of  the 
limonite  or  rubio,  and  partly  because,  being  cellular,  it  is  more 
difficult  to  blast,  and  also  because  it  needs  more  care  in  selec- 
tion than  campanil. 

Antrim.  This  ore,  as  already  stated,  is  worked  almost 
exclusively  by  the  pick.  A  man  can  get,  fill,  and  trail  a  distance 
of  about  50  yards,  in  a  shift  of  8  hours,  from  2  to  4  tons  of  ore, 
according  to  the  thickness  and  character  of  the  seam.  The 
total  cost  F.  O.  T.  exclusive  of  royalty,  with  an  output  of  100 
tons  per  day  and  a  seam  averaging  2  feet  1  inch  in  thickness, 
is  as  follows : — 


Miners'  and  trailers'  wages  '33  shift  at  2s.  6d. 

d. 
...     IO 

Oil  and  sharpening 

...      1*5 

Underground  haulage  by  horse       

1 

Driving  main  roads    ... 

6 

Surface-labour  (25.  to  2s.  $d.  per  day) 

2 

Timber,  '2  cubic  feet 

2 

Explosives  and  stores 

...       15 

Carriage  to  railway » 

...      25 

Management,  rates  and  taxes  and  sundries 

...      6 

2      8-s 

25 
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Magnetite. 

As  we.  have  no  very  important  deposits  of  this  class  of  ore 
in  this  country  we  will  take  those  of  the  south  of  Spain.  In 
the  mine  all  holes  are  bored  double-handed.  The  steel  is 
partly  i  inch  diameter  and  sharpened  to  if  inch,  and  partly 
|  inch  diameter  sharpened  to  i^  inch.  They  can  bore  in  this 
way,  with  the  larger  drill,  at  the  rate  of  1*25  feet  per  hour; 
with  the  smaller,  about  17  feet  per  hour.  In  a  working  of 
hard  ore  free  from  stone  15  feet  wide  by  9  feet  high,  requiring 
no  timber,  a  man  can  get,  fill,  and  trail  50  yards,  in  a  shift  of  10 
hours,  i*68  ton.  The  quantity  of  dynamite  (No.  3)  is  about 
\  lb.  per  ton  of  ore.  This  large  quantity  is  a  result  of  the 
inability  of  Spanish  miners  to  bore  their  holes  in  the  best 
positions  for  throwing  a  good  burden. 

The  miners'  cost  of  this  ore  is  as  follows : — 


Labour  and  Materials. 

Quantity 
per  ton. 

Rate. 

Cost. 

Miners  and  trailers           

Dynamite 

4v  UStw  •••                •  •  •                ■■■                ••  •               ••• 

V^ftDiJ                      •••               •••               •••               ••• 

Oil 

Sharpening  and  shafting  tools    ... 

'59  shift 
■5lb. 
2*3  ft. 
73  cap 
-24  lb. 
... 

s.    d. 

2    3 
0    7-4 

0      *io8 

0    0-38 

0    5 

« 

•  •• 

s.    d. 

1     393 
0    370 

0    0-25 

0    0-27 

O      I'20 
O     050 

Total  cost  per  ton 

•■• 

*  •  • 

I      9'«5 

In  quarrying  this  ore  a  man  will  get,  fill,  and  trail  2%  tons 
per  day  of  10  hours'  work,  with  a  consumption  of  *n6  lb.  of 
dynamite  per  ton  of  ore.  Besides  this  quantity  of  ore  he  has 
to  get  about  one  ton  of  stone,  which  occurs  in  lenticular  bands 
along  with  the  ore. 

The  total  average  cost  F.  O.  T.  exclusive  of  royalty,  when 
mined  at  the  rate  of  250  tons  per  day,  is  during  the  first  work- 
ing as  follows : — 
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Miners'  and  trailers'  wages  ... 
Underground  dead  work 

Surface  wages  

Timber  ('25  cubic  foot) 

VsO&l  •••  •••  f  •  •  ••• 

OlvIvS       •••  •••  •••  •  •  • 

Management  and  sundries    ... 
Total  


In  taking  out  the  pillars  and  middlings  the  cost  for  timber 
is  more  than  doubled,  but  the  miners'  and  trailers1  wages  are 
reduced  about  one-third. 


s. 

d. 

1 

IO 

0 
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I 

2 

0 

4 

0 

2 

0 

3 

0 

8 

4 

11 

Rate  of  Wages. 

.8.    d. 

s. 

d. 

Miners' 

•••                • • •                X        O 

to 

2 

3  per  day. 

Quarry  men  ... 

•  •  •                 ■  •  •                 A         V 

II 

I 

8       „ 

Pickers,  men 

•••            ■••            I      Z 

II 

I 

4        » 

„       boys 

•  ••              ••■             O       7 

II 

0 

8       „ 

Iron  Ores  of  the  Secondary  Rocks. 

Northamptonshire,  Lincolnshire,  etc.  A  large  part 
of  these  ores  is  worked  opencast,  as  already  described.  The 
cost  of  removing  the  overburden  varies  greatly.  In  some 
places,  as  at  Frodingham,  the  cover  is  only  loose  sand,  on  an 
average  3  or  4  feet  thick.  In  other  places,  as  near  Finedon, 
the  ore  is  worked  with  a  cover  of  2  feet  of  soil  and  13  feet  of 
hard  clay.  At  Hunsbury  Hill,  near  Northampton,  we  find 
about  the  same  thickness  of  cover,  but  there  it  is  mostly  a 
whitish  sand ;  whilst  near  the  city  of  Lincoln  the  limestone, 
stripped  off  the  ore  bed,  was  nearly  20  feet  thick  before  mining 
operations  were  commenced. 

Taking  an  average  case,  a  man  can  break  and  fill  about 
10  tons  of  ore  per  day  of  ten  hours.  This  is  in  addition  to 
the  rejected  ore  and  rubbish  which  is  thrown  to  the  rear. 
The  cost  F.  O.  T.  of  an  average  deposit  of  this  class  of  ore, 
exclusive  of  royalty  and  surface  damages,  from  a  quarry 
yielding  about  270  tons  per  day,  is  as  follows  : — 
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8. 

d. 

0 

2 

o 

495 

o 

z 

o 

5 

I 

i-95 

Baring  (sometimes  only  %d.) 

Breaking  and  loading  ore  (an  day  at  35.  9</.) 

Haulage  to  railway  by  horse  

Management  and  sundry  charges 

Total  cost  per  ton 


The  cost  of  such  a  deposit  as  that  at  Frodingham  is  about 
20  per  cent.  less. 

When  the  same  ore  is  mined  by  means  of  day  levels,  the 
headings  being  carried  9  feet  wide,  the  bords  12  feet  wide, 
and  the  output  about  250  tons  per  day,  the  cost  F.  O.  T., 
exclusive  of  royalty,  is  increased,  as  shown  in  the  table  below. 
A  man  can  then  get,  fill,  and  trail  to  a  distance  of  50  yards 
only  about  4  J  tons  per  shift  of  ten  hours !  Very  little  powder 
is  required,  and  the  timbering  is  done  by  deputies. 


8. 

d. 

Miners'  cost  (a2  shift  at  45.) 

•  •  •                 •  ■  • 

•  •  ■ 

O 

9* 

Timbermen  and  other  underground  daywork 

•   ■  •  ■ 

0 

3'* 

Haulage  by  horse 

• • •                 • «• 

•  •« 

0 

2 

Surface  labour       

•  •  •                 •  •  • 

•  *  ■ 

0 

i'5 

Timber  ('2  cubic  foot) 

•  •  •                 •  •  • 

•  •  • 

0 

2*14 

OvOi  es           ••*          •  •  •          «•• 

•  •  •                 •  •  • 

•  •  • 

0 

»"5 

Management,  rates  and  taxes, 

etc. 

...        ... 

Wages. 

•  •  « 

•  •  • 

0 

6 

Total  cost  per  ton 

2 

1*94 

Rate  of 

• 

s.   d. 

8. 

d. 

Miners          ...        ...        ... 

3    9      to 

4 

O 

per  day. 

Timbermen  ...         ...        ... 

4 

9 

M 

Underground  day-men 

26,, 

4 

0 

tt 

Labourers 

20,, 

3 

4 

If 

Cleveland.  When  we  come  to  the  carbonates  of  this 
district  the  cost  is  slightly  varied.  In  some  cases  a  consider- 
able quantity  of  water  has  to  be  pumped.  A  man,  here,  can 
get,  break,  and  fill  about  5^  tons  of  ore  per  shift ;  and  he  uses 
about  *37  lb.  of  powder  and  '06  lb.  of  candles  per  ton  of  ore. 
The  powder  being  fired  by  "squibs,"  neither  fuse  nor  caps 
are  used.    The  shot  holes,  when  hand-bored,  are  triangular  in 
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section,  i£  inch  on  side,  and  are  made  from  2  to  5  feet  deep. 
They  get,  on  the  average,  about  3  tons  per  hole.  As  one  man 
does  the  drilling  for  two  (the  other  doing  the  principal  part  of 
the  breaking  and  filling),  he  has  to  drill  about  11  or  12  feet 
per  shift,  which  in  good  ground  he  can  do  at  the  rate  of  about 
4  feet  per  hour.  Machine  drills  are  used  in  some  of  the 
workings.  The  holes,  then,  are  about  if  inch  diameter,  and  a 
good  machine  can  bore  about  300  feet  per  shift  of  8  hours. 
Some  of  these  machines  are  driven  by  water  power,  others 
by  petroleum.  The  powder  used  with  the  machines  is  about 
'4  lb.  per  ton  of  ore,  and  each  hole  throws  about  2*9  tons 
of  ore. 

In  all  cases  the  trailing  and  timbering  are  done  for  the 
miners. 

Argillaceous  Ironstones  of  the  Coal  Measures. 

The  quantity  of  this  class  of  ore  that  can  be  got,  filled,  and 
trailed,  or  "drawn,"  by  a  man,  per  day,  varies  very  much. 
In  the  nodular  ironstones  of  South  Staffordshire  and  East 
Shropshire  it  ranges  from  15  to  45  cwt.,  averaging  about 
25  cwt.  in  the  former  district  and  about  21  cwt.  in  the 
latter.  In  the  thick  blackbands  of  North  Staffordshire  it  is 
about  50  cwt,  whilst  in  Scotland  it  varies  from  30  to  40  cwt. 
These  figures  show  why,  in  the  struggle  for  existence,  Scotland 
and  North  Staffordshire  have  survived,  whilst  the  other  districts 
have  decayed. 

We  will  take  as  an  illustration,  the  cost,  exclusive  of  royalty, 
of  getting  clayband  ironstone  in  Scotland  16  inches  thick,  with 
an  output  of  about  150  tons  per  day  from  two  pits. 

Miners'  cost  (-5  shift  at  41.  6d.)       

Underground  dead  work        

ff  DHU1&£C  ••*  •••  •••  ■•• 

Timber,  coal,  and  other  stores         

Surface  labour  

Management,  rates  and  taxes,  etc. 

Total  cost  per  ton         


8. 

d. 
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3 

I 

0 

25 

7*5 

75 

7*5 
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4 
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Blackband  costs  on  an  average  about  54  per  cent,  more 
at  the  face,  and  about  42  per  cent  more,  in  "  bing,"  on  the 
surface. 

The  cost  of  the  working  nodular  ironstones  may  be  taken  to 
exceed  the  above  from  24  to  36  per  cent,  and  in  some  cases 
more.  This  explains  why  the  working  of  these  ores  has  been 
so  largely  suspended. 

Cost  of  Timbering. 

To  be  added  to  the  costs  previously  given,  when  timber  is 
necessary. 

Shafts.    14^  feet  by  6  feet  inside  of  wood : — 

Cubic  Feet  Cubic  Feet 

per  Fathom.  per  Fathom. 

Lining  and  mid  walls  (3  in.  thick)     ...        79!    4  in.  thick     106 
Corner  racking  (5  in.  on  side)  ...  6      6  in.  on  side    9 

Cleats  (18  x  6  x  3  in.)  1        1 

Slides  (4x4  in.)         3        3 

Total 89}  119 


Three-inch  lining  is  used  in  jointy  rocks,  four-inch  in  shale, 
or  boulder  clay  : — 

Exploring  Shafts.    4  ft.  x  4  ft.  inside  of  wood : — 

Cubic  Feet 
per  Fathom. 
5  in.  square  framing,  set  2  ft.  6  in.  apart,  centres  ...  8} 

1  in.  backing  ...         ...         ...         ...         ...         ...         ...         10 

1  in.  sliding  boards    ...        ...        ...        ...        ...        ...  3 


luull  ...  ...  ...  ...  ...  ...  ZIr 

Drifts.     6  ft.  x  6  ft.  (inside  of  wood)  :— 

Cubic  Feet 
per  Fathom. 
Heads  and  legs,  set  3  ft.  apart,  ceatres      16 

Cover-wood,  ij  in.  thick      44 

1  Olfll  , . .         ...         ...         . . »         . , ,  . , .         20A 
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This  is  sufficient  for  some  shale  drifts,  others  need  more. 
Limestone  seldom  requires  timbering,  and  sandstone  only 
occasionally. 

In  ore  workings  requiring  timber,  like  most  of  those  in 
Furness,  the  proportion  of  heads  and  legs  to  cover-wood,  and 
the  quantity  of  each  per  ton  of  ore,  is,  on  the  average,  as 
under : — 

Cubic  Feet 
per  ton. 
Heads  and  legs  ...        ...        ...        ...        ...        ...        '5 

Cover-wood  (xj  in.  thick)        11 


Total 


•61 


Cost  for  Coals. 

Up  a  shaft  50  fathoms  deep,  and  with  a  pair  of  ordinary 
non-condensing  coupled  engines  and  Lancashire  boilers  work- 
ing 8  hours  per  day,  1  ton  of  ore  can  be  lifted  by  12  lbs.  of 
unscreened  coal  (containing  12  per  cent,  of  ash),  in  addition 
to  lowering  and  raising  the  workmen,  and  letting  down  the 
necessary  timber. 

With  a  compound  condensing  engine  and  Lancashire 
boilers  1,000  gallons  of  water  can  be  raised  up  a  shaft  of  the 
same  depth  by  18  lbs.  of  coal  of  the  same  quality. 

Selling  Prices. 

Selling  prices  vary  according  to  the  quality  and  mechanical 
condition  of  the  ore  and  the  distance  it  is  from  the  market. 

Cumberland.  The  following  is  a  list  of  the  prices 
realised  between  1866  and  1890  by  an  iron  ore  of  average 
quality : — 
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d.         s. 
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1866 

•  •  1 

•  • 

■                          •  •  • 
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6  to  13 

3  per  ton. 

1867 

•  •  ■ 

•  •  1 
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12 

6  „    14 

0 

if 

1868 

•  •  i 

•  •< 

ft                          ••• 

n 

13 

0  „    14 

0 

11 

1869 

•  •  4 

»                             ••! 

ft                          •  •  • 

it 

13 

6  „   IS 

0 

»i 

1870 

•  ■  < 

V                         •  • 

■                          ••• 

n 

12 

3  1,   14 

0 

u 

1871 

•  •! 

•  • 

•  ■• 

tt 

13 

6  „  22 

0 

tt 

1872 

•  •  1 

■  •< 

1                          ■  *  • 

11 

25 

0  „  31 

3 

tt 

1873 

•  ■ 

ft                          ■  • 

ft                           ■  •  • 

tt 

3« 

0  „   36 

4 

n 

1874 

•  ■ 

ft                           •  • 

■                          •  •  • 

it 

20 

0  „   29 

0 

it 
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s. 

d. 

8. 

d. 
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16 

6  to 

23 

6 

per  ton 
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6 
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It 
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tt 
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II 
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tt 
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tt 

9 

3 

it 

II 

3 

tt 

it 

10 

4i„ 

17 

6 

tt 

ft 

10 

6 

tt 

15 

0 

ti 

lOyS  •  ••  •  ••  •  •■ 

1 07v  .  ..  ...  ... 

Io77  ...  •••  ••« 

I07O  •■•  ...  ••• 

I079        •*•         ***         ■** 

M  ©O^J  •  •  •  •■•  .  a  . 

1001  ...  •  ••  ••• 

1  oo«  •  •  •  •  •  •  •  • « 

I  OOj  •••  ••■  ••• 

loo^  •••  •••  ••• 

1 00s  •  •  •  •••  •  •  • 

IoOO  •••  •••  «•• 

1 007  •••  •■•  »  ■  • 

1 000  ...  •••  ••• 

100^  *■■  •••  ••• 

1  OU\J  >••  •••  ••• 

It  must  not  be  assumed  that  these  were  either  the  highest 
or  lowest  prices  in  any  of  the  years  named.  They  are  the 
highest  and  lowest  at  which  ore  was  sold  from  one  mine  only ; 
and  of  course  it  is  quite  possible  that  the  proprietors  might 
not  be  in  a  position  always  to  sell  at  top  prices.  On  the 
other  hand,  they  might  not  be  compelled  always  to  sell  when 
prices  were  lowest  In  fact,  the  author  knows  this  to  be  the 
case ;  but  still  the  table  is  a  very  fair  guide  to  the  variations 
in  prices  which  took  place  during  the  time  it  covers. 

The  average  prices  per  ton  obtained,  F.  O.  T.,  at  mines, 
for  a  first-class  Cumberland  ore  are  as  under: — 
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Forness.    Average  selling  price  of  a  medium  quality  of 
ore,  F.  O.  T.,  at  mines,  from  1870  to  1890  inclusive : — 
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d. 
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d. 
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Cleveland.      Below  are  the  selling  prices  of  this  ore,  at 
the  pit's  mouth,  from  1875  to  x^9°  : — 


1875 
1876 

1877 
1878 

1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 


Lincolnshire.  The  silicious  ores  of  this  county  realise, 
on  the  average,  at  the  mine,  about  20  per  cent,  more  than 
the  argillaceous  ores  of  Cleveland.  The  calcareous  ores  of 
Frodingham  about  40  per  cent,  less  than  the  latter. 

Antrim.  Between  1873  and  1890  the  price  of  this  ore, 
at  the  mines,  has  varied,  as  shown  in  the  following  table  :— 
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Pisolitic  ore. 

Bole. 
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Bilbao.  The  selling  prices  of  campanil  per  ton,  delivered 
at  Glasgow,  or  equal,  between  1873  and  1890,  were  as  under  : — 
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The  price  of  rubio  has  been  from  6d.  to  2s.  lod.  per  ton  less 
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than  campanil.  The  great  variations  in  the  above  prices  are 
largely  due  to  fluctuations  in  the  freight,  as  shown  by  the 
following  table,  which  gives  the  price  per  ton,  F.  O.  B., 
Spain : — 

Campanil.  Rubio. 

8.    d.  a.    d. 

1882  7     2  6     &} 


1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
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10  10 
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CHAPTER  V. 
RENTS,  ROYALTIES,  WAYLEAVES,  ETC. 

THE  terms  and  conditions  of  leases  are  so  varied  in 
different  districts  that  only  a  few  of  them  can  be  noticed 
here. 

Term  of  Years  for  which  Leases  are  granted. 

Cumberland  and  Furness.    Generally  for  2 1  years. 
Cleveland.    21  years  and  upwards,  commonly  42  years. 
Lincolnshire.    21  to  99  years. 

Staffordshire.    Mostly  for  21  years,  but  occasionally  up 
to  60  years. 

South  Wales,    42  to  99  years. 

Cornwall    Usually  21  years. 

Scotland.    19  to  31  years. 

Antrim.     19  to  21  years,  sometimes  for  31  years. 

Rents. 

Cumberland  and  Furness.    From  ,£100  to  ^2,000 
and  upwards,  according  to  character  of  mine. 

Cleveland.    Averages  about  £2  per  acre. 

Lincolnshire.    £1  to  JQ12  per  acre;  the  latter  for  small 
areas  only. 

Cornwall.    From  ^5  to  ^50,  usually. 

Antrim.    About  6s.  or  js.  per  acre. 
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Royalties. 
Cumberland.  Usually  one-sixth  of  selling  price  at  pit's 
mouth,  with  a  minimum  of  2s.  This,  however,  has  been  found 
to  be  oppressive  when  prices  are  low,  and  some  recent  leases 
have  been  granted  with  a  minimum  of  is.,  the  complete 
scale  in  these  new  leases  being  as  under : — 

When  the  selling  price  is 

8.  d.  8.     d. 

9  o  and  under      the  royalty  is  1    o  per  ton. 

exceeding  9  o  but  not  exceeding  12  o        „  „         16       „ 

12  o  „  „       150         „         „        £  of  selling  price. 
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The  average  royalty  in  these  leases  is  about  one-sixth, 
but  they  are  easier  at  the  lower  end  of  the  scale  than  the 
older  leases,  whilst  the  lessor  obtains  a  larger  proportion  when 
prices  are  high  than  he  did  by  the  original  sliding  scale  of  one- 
sixth. 

Furness.  The  royalties  here  are  all  on  the  sliding  scale ; 
the  following,  perhaps,  being  an  average  : — 

When  the  selling  price 
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and  for  every  6d.  or  portion  of  6d.  in  value  beyond  i8x.  a  ton, 
an  additional  royalty  of  $d.  over  and  above  4s.  6d.  is  charged. 

Lately  it  has  been  found  necessary  to  reduce  this  scale, 
especially  at  the  lower  prices,  so  that  in  some  new  leases  we 
have  the  following  : — 

When  the  value  of  the  ore  delivered  into  trucks  at  the  nearest  railway 
station 
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and  for  every  6d.  or  portion  of  6d.  in  value  beyond  20*. 
a  ton,  an  additional  royalty  of  $d.  over  and  above  $s.  3d.  is 
charged. 

Cleveland.    From  44?.  to  is.  2d.  per  ton ;  average  about  6d. 

Lincolnshire.    From  6d.  to  is.  per  ton ;  average  about  8d. 
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Northamptonshire.  From  2\d.  to  6d.  per  ton ;  average 
about  /\d. 

South  Staffordshire.  From  gd.  to  is.  6d.  per  ton; 
average  about  is. 

South  Wales  for  coal-measure  ironstone.  From  6d  to  is. 
per  ton,  average  about  Sd. 

South  Wales  for  limonite.  From  Sd.  to  is.  per  ton; 
average  about  &£d. 

Scotland  for  blackband.  From  is.  to  2s.  6d.  per  ton, 
average  about  is.  6d. 

Scotland  for  clayband.  From  3d.  to  is.  6d.  per  ton ; 
average  about  .&/.,  or  sometimes  on  sliding  scale  ranging  from 
^  to  J  of  selling  price  at  pit's  head. 

Antrim.    From  $d.  to  6d.  per  ton ;  average  about  4*/. 

Bilbao.    From  od.  to  2s.  per  ton ;  average  about  is. 

Wayleaves. 

Cumberland.  Usually  id.  to  2d.  per  ton  for  underground, 
and  id.  per  ton  for  surface. 

Furness.    Usually  id.  per  ton  for  underground  and  surface. 

Cleveland.  Usually  id.  per  ton  for  underground  and 
surface. 

Scotland,  id.  to  3d.  per  ton  for  underground ;  surface, 
usually  id. 

Periods  for  making  up  "Shorts." 

Cumberland.  Usually  triennial  periods,  but  occasion- 
ally longer,  as  well  as  shorter,  periods  are  granted. 

Furness.    Similar  to  Cumberland. 

Cleveland.  Usually  over  the  whole  term,  but  sometimes 
limited  to  5  or  7  years. 

Lincolnshire.    4  to  14  years. 

Scotland.     1  to  3  years. 

Antrim.    In  the  following  or  two  following  years. 

Following  are  excerpts  from  two  leases,  that  will  show  the 
general  conditions  under  which  iron  ore  is  worked'in  different 
parts  of  the  country. 


EPITOME  OF  LEASE  OF  IRON   ORE 
IN   CUMBERLAND. 

Mines,  veins.    The  lessors  demise  to  the  lessees  all  the  mines, 

etc.,  of  ore,  etc.,  .  .  ' 

to  be  demised.       veins,  seams,  or  beds  of  iron  ore,  ironstone,  minerals, 

and  mineral  substances,  belonging  to  the  said  lessors, 
as  well  opened  as  unopened,  lying,  and  being  in  or  under,  all  the 
several  closes,  inclosures,  or  parcels  of  land  of  the  said  lessors 
situated  in and  delineated  on  the  plan  annexed  to  this  lease. 

Leasees  to  have         Lessees  to  have  full  and  free  liberty  to  enter 

liberty  to  enter  ,  . ,  ,  ,  %    *       %         • 

lands  to  search    upon  the  said  lands  and  search  for  the  mmes,  veins, 
^minerals.  W°rk    beds,  and  seams  of  iron  ore,  ironstone,  minerals,  and 

mineral  substances,  and  dig  and  raise  such  of  the 
same  as  shall  be  there  found,  and  to  stack  and  deposit  the  same, 
when  raised,  in  heap-rooms  in  or  upon  any  part  of  the  said  grounds, 
and  to  carry  away  and  dispose  of  all  the  said  ore  and  minerals 
which  may  be  so  found  and  produced. 

ltiertv**tiokaV'         Lessees  to  have  liberty  to  construct  all  works  or 
struct  worksC,  etc.    other  conveniences  for  making  the  ores  merchantable, 

and  to  sink,  drive,  make,  erect,  repair,  and  use  all 
such  pits,  shafts,  adits,  levels,  drifts,  sumps,  headways,  water- 
courses, airgates,  passages,  steam-engines,  breaks,  gins,  and  other 
machinery  and  works  as  may  be  found  necessary  for  working  the 
mines  and  for  draining  and  discharging  the  water  therefrom  and 
supplying  the  same  with  pure  air  and  freeing  the  same  from  impure 
air  in  the  best  and  most  efficient  and  mining-like  manner. 

ii^f0g8./ohavg         Lessees  to  have  liberty  to  construct   railways, 

liberty  to    con-     a  \  .«    .       , 

struct  railways,    tramways,  carnage,  and  other  ways  on  said  land, 
#/c*  subject  first  to  the  approval  in  writing  of  the  lessors 

or  their  agent. 
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Lessors  reserve  The  lessors  reserve  to  themselves  so  much 
*ars  for  support  and  such  parts  of  the  said  mines,  etc.,  as  they  or 
Ska/fc      °nd      t^eir  autkorised  agent  shall  consider  necessary  to 

be  left  for  the  support  of  all  such  pits  and  shafts 
already  sunk  or  hereafter  to  be  sunk,  or  for  the  proper  working  of 
them. 

Term  twenty-         Lessees  to  have  and  to  hold  the  said  mines,  etc, 
one  years.  ^  ^e  term  ^  twenty-one  years,  subject  to  the 

statutory  rights  of  the  owners  of  the  railway  in  respect  to 

such  of  the  mines  and  premises  hereby  demised  as  lie  under  the 
same  or  within  forty  yards  therefrom. 

Rent.  Lessees   to   pay  a  yearly  rent  of  ^250   for  first, 

second,  and  third  years,  and  ^500  per  year  for  remainder  of  term, 
payable  half  yearly,  and  to  be  at  liberty  to  raise,  for  such  yearly 
rents,  such  a  quantity  of  iron  ore  or  ironstone  as  at  the  royalty 
rates  hereafter  mentioned  would  amount  to  said  certain  yearly  rent. 

Royalty.        Lessees  to  pay  following  royalty  for  every  ton  of 
2,240  lbs.  of  iron  ore  or  ironstone  raised — viz., 

When  the  selling  price  at  pit's  mouth  shall  be  under  fifteen 
shillings  per  ton,  royalty  to  be  one-sixth  of  same.  When 
such  value  shall  be  fifteen  shillings  and  not  exceeding  twenty- 
four  shillings  per  ton,  royalty  to  be  one-fifth  of  same.  When 
such  value  shall  exceed  twenty-four  shillings  per  ton,  royalty 
to  be  one-fourth  of  same. 

Royalty  for  Lessees  also  to  pay  for  all  other  minerals  and 
than  Iron  Ore  mineral  substances  whatsoever  (other  than  iron  ore 
or  Ironstone.        QX  'mii8XoTLe)  one-tenth  of  the  selling  value  of  same. 

Way  leave.  '  Lessees  to  pay  for  wayleave  twopence  per  ton 

for  all  iron  ore  and  other  minerals  brought  to  surface  from  other 
mines,  through  or  by  means  of  the  mines  hereby  demised,  or  led 
or  carried  over  surface  of  said  mines. 

Method  of  Lessees  to  have  privilege,  in  case  at  any  time 

short  workings,     they  should  not  have  raised  a  sufficient  quantity 

of  minerals  as  at  the  tonnage  rents  hereinbefore 
mentioned  would  produce  the  certain  rent  hereinbefore  reserved, 
of  making  up  such  shorts,  in  manner  following : — 

For  any  year  within  the  period  of  the  first  six  years,  or  of  the 
next,  or  of  any  subsequent  consecutive  period  of  three  years, 
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the  lessees  may  in  the  next  year  or  years  of  said  periods, 
raise  such  a  quantity  of  mineral  as  would  make  up  the 
deficiency  without  paying  any  royalty  in  respect  thereof, 
and  any  short  workings  not  made  up  in  this  way  or  which 
shall  happen  in  last  year  of  term  shall  not  be  allowed. 

Definition  of  The  selling  price  shall  be  the  price  at  the  point  of 
se  tngpnet.  delivery  on  the  public  railway,  less  twopence  per  ton 
for  haulage  and  expense  of  delivery  from  pit's  mouth. 

Surface  dam-         The  lessees  to  pay  £2  per  acre  for  every  acre  of 
*  the  said  mineral  grounds  held,  used,  or  occupied  by 

them  or  injured  or  damaged  by  mining  operations  and  not  restored 
for  agricultural  purposes. 

Ore,    etc..  The  lessees  to  yield  and  render  to  the  lessors 

raised   outside        „  .  .  ,.  ,       ...       .  ., 

of  boundaries.      all  iron  or  ironstone,  etc.,  which  without  the  previous 

consent  in  writing  of  the  said  lessors  shall  be  raised 
out  of  the  said  mineral  grounds  by  means  of  pits  or  shafts  made  or 
sunk  outside  the  boundaries  of  said  mineral  ground. 

Deductions  al-         The  said  rents  to  be  paid  clear  of  all  deductions 

lowed  off  rents.  .  .       ,.      ,,     .  . 

except  landlord  s  income  tax. 
Distraint  for         ln  case  the  said  rents,  or  any  part  thereof,  be  in 

arrears  of  rent.  e  •  u*.  j  1*1. 

arrear  for  twenty-eight  days,  lessors  to  have  power 
to  make  distraint  upon  the  said  mines,  ore,  plant,  etc. 

4  Rates   and  Lessees  to  pay  all  existing  and  future  taxes,  rates, 

assessments,  etc.,  except  landlord's  income  tax. 

Land  dam-  Lessees  to  pay  ^240  per  acre  for  all  lands,  the 

'  surface  of  which  shall  have  been  broken,  damaged, 

or  permanently  destroyed  by  being  taken  or  used  for  the  purpose  of 
the  said  mines ;  but  if  at  the  end  of  the  term  lessees  shall  restore 
any  such  land,  paid  for  after  this  rate,  to  as  good  a  condition  as 
when  they  first  took  possession,  they  shall  be  entitled  to  be  repaid 
such  sum  as  under  this  clause  shall  have  been  paid  in  respect 
thereof. 

Tenants  dam-  Lessees  to  make  sufficient  compensation  to  the 
ages,    c.  tenant  or  occupier  in  possession  of  the  said  mineral 

grounds  for  any  injury  or  damage  which  may  be  done  to  the  crops 
growing  on  the  lands,  and  also  in  addition  the  sum  of  £4  per  acre, 
and  also  pay  all  other  damages  of  whatsoever  description,  and  to 
whomsoever  payable,  occasioned  by  their  operations. 
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Mines  not  to         Lessees  not  to  assign  or  underlet  the  mines,  or 
undent*  any  part  thereof,  without  previous  consent,  in  writing, 

of  the  lessors. 

Weighing  ma-         The  lessees  to  keep  proper  weighing  machines 
c  mn.  £or  weigjjjng  the  minerals. 

Half-yearly  The  lessees  to  deliver  to  the  lessors  half-yearly 

mints.   """      statements  of  all  the  minerals  raised  during  such  half 

year. 

■ 

Monthly  rov-         The  lessees  to  deliver  monthly  statements  of  all 
atys  s.    mmerais  raised  during  such  month,  with  full  particu- 

lars as  to  destination,  price,  etc. 

Books.  The  lessees  to  keep  proper  books,  in  which  are  to 

be  entered  full  particulars  of  all  minerals  raised  from  the  mines, 
and  also  of  all  minerals  conveyed  therefrom  for  sale  or  shipment, 
and  permit  the  lessors  to  inspect  same  at  any  reasonable  time. 

P/a»«    and  The  lessees  to  keep  correct  maps  and  plans  of 

nal.  the  mines,  workings,  etc.,  and  also  a  journal  con- 

taining an  account  of  all  borings  and  sinkings,  which 
are  to  be  made  up  quarterly,  and  produced  on  demand  to  the 
lessors. 

Fencing.  The  lessees  to  effectually  fence  off  such  part  or  parts 
of  the  mineral  grounds  as  they  may  dig  open  or  use,  and,  provide 
gates  where  necessary  for  the  convenient  occupation  of  the  ad- 
joining lands,  and  provide  sufficient  and  convenient  communication 
over  and  across  every  road  and  way  made  by  virtue  of  the  powers 
hereby  granted,  for  the  use  of  the  occupiers  of  the  adjoining  lands, 
so  that  the  severance  of  such  lands  may  cause  as  little  inconveni- 
ence as  may  be  to  the  occupiers  thereof. 

Mines  to  be  The  lessees  at  all  times   to  work    the   mines 

worked    vigor- 
ously and  skil-     vigorously  and   uninterruptedly   in    a   proper   and 

f  y'  mining-like  manner,  and  according  to  the  most  ap- 

proved practice  of  mining,  and  in  such  manner  as  to  get  and  raise 
the  greatest  quantity  of  iron  and  ironstone  which  can  reasonably  be 
gotten  from  the  same. 

Dama&*  f°*         If  by  any  unskilfulness  or  careless  management, 

unsktlful  work-  ...  .  ,     ,  ,        ,       - 

ing  of  mines.       any  of  the  mines,  beds,  veins,  seams,  or  bands  of  ore 

or  other  minerals,  be  rendered  incapable  of  being 
worked,  the  ore  and  minerals  therein  shall  be  paid  for  by  the 
lessees  as  if  the  same  had  been  actually  gotten  by  them. 
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******  "°fto  The  lessees  not  to  work  the  said  mines,  beds, 
pit7° outsfiu  of  etc,  from  any  pits  outside  the  boundaries  of  the 
boundaries.  gaj(j  mmerai  grounds  without  the  consent  in  writing 

of  the  lessors,  and  not  to  work  any  mines,  beds,  etc.,  other  than  those 
hereby  demised,  from  any  pit  within  the  last-named  boundaries, 
without  the  previous  consent  in  writing  of  the  lessors. 

Pillars  near  The  lessees  not  to  remove  or  split  any  pillars 

s  a*  s'  of  ore,  etc.,  within  fifty  yards  from  any  main  shaft, 

without  giving  lessors  twenty-eight  days1  previous  notice  in  writing 
of  their  intention  to  remove  or  split  the  same. 

Shafts  to  be  The  lessees  to  keep  in  good  repair  all  shafts  sunk 
ttjpair?  pro**r    which  may  be  necessary  for  the  proper  working  of 

the  mines,  beds,  etc. 

Earth  andsoil         The  lessees  to  lay  aside,  in  heaps,  all  the  earth 

to  be  laid  aside.  ,       m      i_  •  t_     i_   11  i_     j  j       •      j  •  *  • 

and  sou  which  shall  be  dug  up  and  raised  in  working 
the  said  mines. 

Lessees "°fto  The  lessees  not  to  do  or  surfer  to  be  done,  at  any 

or  negligent  act  time,  any  wilful  or  negligent  act,  matter,  or  thing  which 
mfnl^ete?g        mav  nazan*»  endanger,  or  occasion  loss  or  damage  to 

the  said  mines,  beds,  etc.,  of  ore  or  other  minerals. 

inspection  by         Lessors  or  their  agents,  at  all  reasonable  times,  to 
have  power  to  inspect  the  said  mines  and  to  survey 
the  same,  and  to  have  the  assistance  of  the  lessees'  workmen  and 
agents  for  this  purpose. 

Adjoining  if  the  lessees  are  now,  or  if  during  the  said  term 

they  shall  become  owners,  lessees,  or  occupiers  of 
any  adjoining  mines  or  royalty,  and  any  dispute  shall  arise  between 
the  said  lessors  and  the  said  lessees  touching  the  boundary  of  the 
mines  hereinbefore  demised,  and  such  adjoining  mines  or  royalty 
or  any  subsidence,  either  on  the  surface  or  underground,  alleged  by 
the  said  lessors  to  have  been  caused  by  the  workings  of  any  such 
adjoining  mines;  or  if  any  matter  of  difference  arising  out  of  the 
contiguity  of  the  two  adjoining  mines  shall  arise,  then  the  said  lessees 
shall,  if  required,  permit  the  said  lessors,  or  their  agent,  to  enter, 
survey,  and  inspect  the  workings  of  such  adjoining  mines  or  royalty 
in  the  same  manner  as  hereinbefore  provided  for,  in  respect  of  the 
mines,  etc.,  hereby  demised.  The  lessees  to  produce  for  inspection 
all  plans,  papers,  etc.,  which  may  be  necessary,  in  the  opinion  of  the 
lessors,  to  the  settlement  of  such  dispute  or  difference. 
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Lessees  to  give         Lessees  at    expiration  or  sooner   determination 

up  possession  at        ,        . ,  ...  ,  .  ,    ,  , 

determination  of  said  term  to  deliver  up  to  the  said  lessors  the 
0/ term.  mines,  beds,  veins,  etc.,  hereby  demised,  together 

with  all  ore  and  minerals,  which  at  the  end  of  three  calendar  months 
after  such  expiration  shall  be  on  the  said  mineral  grounds.  And  also 
all  erections  and  buildings  (except  such  as  the  said  lessees  are 
hereafter  authorised  to  remove  and  shall  remove),  in  as  good  a  state 
and  condition  as  the  nature  of  the  case  will  admit  of. 

Lessees  may  Proviso.    That  the  said  lessees  may  at  any  time 

remove  plant  at         ...       ,  ,       _  .        ,  ...  - 

end  of  term.         within  three  calendar  months  after  the  expiration  of 

the  said  term,  take  down,  remove,  and  convert  to 
their  own  use  the  materials  of  all  such  engines,  plant,  machinery, 
rails,  and  works  (except  as  hereinafter  mentioned),  as  now  are,  or 
shall  have  been  erected  or  made  upon  or  under  the  said  mineral 
grounds,  but  except  so  far  as  may  be  necessary  for  the  removal  of 
any  engines  or  machinery  thereon,  the  said  lessees  shall  not  be  at 
liberty  to  remove,  or  pull  down  wholly  or  partially  any  buildings  of 
brick  or  stone,  which  now  are  or  hereafter  during  the  said  term  may 
be  erected  on  the  said  mineral  grounds. 

Libgffy  J0*  Proviso.  That  in  case  the  said  lessors  shall  before 
chase  plant  at  the  expiration  of  the  said  term  be  desirous  of 
end  of  term.  purchasing  any  of  the  engines,  plant,  machinery,  etc., 
in  or  about  the  mines,  and  shall  give  three  calendar  months'  previous 
notice  in  writing  of  such  desire,  then  the  said  lessees  shall  deliver 
up  to  the  said  lessors  such  of  the  said  things  as  shall  be  so  required, 
the  said  lessors  paying  for  the  purchase  thereof. 

Power  of  re-  Proviso.  That  if  the  lessees  shall  at  any  time  not 
sort  if  mines  work  the  mines  regularly,  or  be  found  upon  an 
prtpn-fyfd  arbitration,  to  be  conducted  as  hereinafter  provided, 

to  be  working  or  using  the  said  mines  in  an  improper, 
unskilful,  or  unmining-like  manner,  lessors  to  have  power  of  re-entry 
until  full  satisfaction  is  made  for  all  loss  or  damage  which  may  have 
been  occasioned  thereby,  and  in  this  case  lessees  not  to  have 
privilege  of  making  up  any  shorts  arising  during  time  of  re-entry  and 
possession  by  lessors. 

Re-entry  by         Proviso.    That  lessors  have  power  of  re-entry  and 

lessors  tn  case        _  ,  ...  .-  e  ^  .  ~-_^«... 

of  arrears   of    of  determining  lease  if  any  of  the  rents  are  in  arrear 
r*nt,  etc.  f()r  thirty  days  or  if  the  iessees  return  any  fraudulent 

or  false  accounts,  or  commit  any  breach  of  the  covenants  and  agree- 
ments herein  contained. 


? 
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Breaks  for  de-         Proviso.    That  lessees  may  at  the  end  of  the  third, 
1  *'    sixth,  ninth,  twelfth,  fifteenth,  or  eighteenth  years  of 

the  said  term  determine  same  by  giving  not  less  than  one  year's 
previous  notice  in  writing. 

Arbitration.  Usual  arbitration  clause  in  case  of  any  difference 
arising  between  lessors  and  lessees  concerning  any  matter  in  con- 
nection with  this  lease. 

Lessees  not**-         Proviso.    That  lessees  will  not  be  entitled  to  ask 
titled   to    have     P         ,  ,  -  .  .  e  . 

any    rents    n-    for,  demand,  sue  for,  claim,  or  recover  from   the 

funded.  lessors  any  rents  paid  by  them  to  lessors  notwith- 

standing the  claim,  right,  or  title  of  any  other  person  whatsoever  to 
any  of  the  mines,  beds,  etc.,  hereby  demised. 

Lessees  to  keep         Lessees  to  keep  lessors  indemnified  from   and 

lessors  indemnir  .     ..        ..  .,  .   .  ,    ,  , 

fxed  against  all  against  all  actions,  suits,  costs,  claims,  and  demands 
actions,  etc.  .  whatsoever,  by  any  person  or  persons,  for  or  in 
respect  of  any  mines,  beds,  etc.,  which  shall  be  worked,  raised,  or 
carried  away  or  disposed  of  by  the  lessees  or  any  other  person  or 
persons  whatsoever,  under,  or  by  virtue,  or  under  the  authority  of 
these  presents. 


EPITOME  OF   LEASE   OF   IRON   ORE   IN 

LINCOLNSHIRE. 

Extent.  The  lessors  demise  all  the  mines,  veins,  seams, 
beds,  rakes,  and  quarries  of  ironstone  and  iron  ore  opened  and 
unopened  in  —  acres,  in ,  Lincolnshire,  as  set  out  in  plan. 

Not  to  work  Liberty   for   lessees   to   enter  lands    not  being 

near   u    tngs.    ^^  one  hundred  yards  of  any  house,  etc. 

* 

Lessees  to  *ivg         Lessees  to  give  one  month's  notice  to  tenant 
taking  land.         before    taking    land   and   make   compensation    for 

tenant  right,  etc 

Liberty  to  Liberty  for  lessees  to  raise,  get  and  work  mines, 

veins,  etc.,  and  to  sink  shafts  not  within  one  hundred 
yards  of  any  house,  etc,  and  to  drive,  make,  and  erect  gates,  adits, 
engines,  etc. 

Liberty  to  erect         Liberty  for  lessees  to  stack  ironstone,  etc.,  raised 
etc.  '    on  land,  and  to  erect  blast  furnaces,  etc.,  to  get  stone, 

brick-earth,  etc.,  for  making  bricks,  etc.,  for  the  works 
but  not  for  sale,  and  also  to  make  railways,  etc.,  the  same  to  be 
sanctioned  by  lessors. 

Liberty  off  in.         Liberty  of  ingress,  egress,  and  regress  for  lessees, 
and  to  use  all  pits,  etc,  already  sunk. 

Lessors  reserve  Reservation  to  lessors  of  rights  to  work  other 

power  to   work 

other  mines,  etc.    mines,  but  so  as  not  to  interfere  with  lessees,  also  of 

mines,  etc.,  under  any  houses,  also  to  make  roads, 
tramways,  etc.,  intersecting  roads,  etc.,  to  be  made  by  the  lessees, 
the  lessors  making  compensation  for  wear  and  tear. 

Term.  Term  sixty-three  years  from 18 — 

407 
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R$nta.  £$oo  yearly  rent  during  first  three  years  of  said  term. 

£i,ooo  per  annum  during  residue  of  term. 

Quantity  .of         As  an  equivalent  for  said  rents  lessees  may  raise 

ort  to  00  raised  r  .  ,       ,     .  .,  .  .     , 

for  rent.  such  quantity  which,  during  said  respective  periods 

of  years  and  at  rates  therein  mentioned,  should 
amount  to  or  be  equivalent  to  the  said  respective  standing  yearly 
rents,  or  sum  of  £500  and  ,£1,000  subject  yearly  during  first  period 
of  twenty-one  years. 

Royalties.  Eightpence  per  ton  of  2,400  lbs.  during  first  three 
years  of  said  term  for  such  quantity  as  should  amount  to  the  said 
rent  of  £500,  and  during  the  eighteen  years  as  should  amount  to 
said  rent  of  £1,000.  And  yearly  during  the  next  period  of  twenty- 
one  years  as  shall  at  the  rate  of  tenpence  per  ton  amount  to  £1,000 
yearly.  And  yearly  during  residue  of  said  term  as  at  one  shilling 
per  ton  should  amount  to  said  yearly  rent  of  £1,000. 

Eightpence  per  ton  during  the  first  twenty-one  years  for  all  iron- 
stone and  ore  over  and  above  the  quantity  it  shall  be  lawful  to  raise 
in  respect  of  the  said  fixed  rents  of  £500  and  £1,000. 

Tenpence  per  ton  during  the  next  period  of  twenty-one  years  for 
all  ironstone  raised  over  and  above  the  quantity  in  respect  of  the 
said  yearly  rent  of  £1,000. 

One  shilling  per  ton  during  residue  of  term  for  any  quantity  over 
and  above  the  quantity  in  respect  of  the  said  yearly  rent  of  £1000. 

Threepence  per  ton  for  all  limestone. 

F?uryeaf* to  If  m  any  year  the  quantity  of  ironstone  and  iron 

ore  shall  not  be  of  such  a  quantity  as  shall  at  the 
aforesaid  rent  be  equivalent  to  amount  of  said  certain  rent,  then 
and  in  such  case  it  should  be  lawful  for  lessees  in  any  of  the  four 
next  succeeding  years  of  said  term  to  make  up  such  deficiency  out 
of  said  demised  mines  without  paying  any  rent  or  sum  of  money 
for  the  same,  other  than  or  beyond  the  said  certain  yearly  rent 
payable  in  each  of  the  said  four  years,  so  nevertheless,  that  surplus 
workings  of  any  preceding  years  of  said  term  shall  not  be  allowed 
to  come  in  aid  of  or  make  good  the  deficiency  of  the  workings  in 
any  following  year  or  years,  but  the  respective  rents  hereby  reserved 
in  respect  of  such  overworkings  are  to  be  paid  when  and  as  the 
same  shall  become  due  and  payable. 
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Distress.  Proviso.  If  rents  unpaid  for  twenty-eight  days  after 
they  become  due  and  after  demand,  lessors  to  be  at  liberty  to 
distrain  on  all  the  effects  and  dispose  of  distress. 

Re-entry.  Proviso.  If  rents  unpaid  for  sixty  days,  or  lessees 
assign  without  consent  or  become  bankrupt,  etc.,  lessors  may  re- 
enter and  determine  demise. 

^w*«w*>^oy  Covenant  by  lessees  to  pay   rates    and   taxes, 

except  landlord's  property  tax,  and  pay  yearly  rent 

RtHjjjf  to"*    of  £4  per  acre  to  tenants  of  land  on ,  and  the 

yearly  rent  of  £6  for  every  acre  of  land  on . 

Mints  to  be  Lessees  to  work  mines  in  a  proper  manner,  ac- 
V**  *">"-    cording  to  most  approved  method. 

Not  to  work  by         Lessees  not  to  work  the  mines  demised  by  out- 

outttroke  ortn-t  .    .  ,        J 

stroke.  stroke,  instroke,  etc.,  from  any  adjoining  mines. 

No  impedi-  Lessees  to  do  nothing  to  impede  working  of  mines. 

tncntS. 

Lessors  in-  Lessees  to  convey  free  of  charge  all  inspectors 

*  on  behalf  of  lessors,  to  examine  workings  with  two 

overmen  if  necessary. 

Objection*  to  If  any  fault  be  found  in  the  working,  lessees  to 

ing.         W°        put  same  right  within  thirty  days,  and  in  default 

lessors  to  do  what  is  necessary,  and  charge  expense 
to  lessees  with  interest. 

Weighing  ma-  Lessees  to  provide  and  keep  proper  weighing 

machines,  and  to  cause  all  ironstone  to  be  weighed 
before  leaving  premises. 

Books  of  ac-  Lessees  to  keep  proper  books  of  account  of  all 
the  iron,  etc,  raised,  gotten,  sold,  etc.;  and  within 
fifteen  days  of  the  first  of  every  month  deliver  a  statement  to 
lessors  of  the  iron  ore,  etc.,  raised  during  the  preceding  month ; 
also  a  proper  account  of  the  ironstone,  etc.,  sold  during  the  previous 
month ;  and  also  make  out  similar  half-yearly  statements  for  the 
tonnage  rents. 

Plans.  Lessees  to  keep  proper  plans  showing  workings. 

Half-yearly  Lessees  to  make  admeasurement  of  the  workings 

for  the  preceding  half  year. 
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No  UHH4C48-         Also  shall  not  commit  any  unnecessary  damage 

sary  damage.  .  . 

carrying  on  the  works. 

Severance   of         Also  in  all  cases  where  the  surface  of  the  lands 

shall  be  severed  by  any  road,  etc,  so  far  as  may  be 

necessary  shall  restore  same  at  their  own  expense,  and  shall  restore 

gates  and  crossings  where  any  communication  cut  off,  and  also  such 

waterways  crossing  the  rivers,  and  the  meadows  adjacent  thereto. 

Repairs.  Also  keep  all  gates  to  be  made  as  aforesaid  in  good 

order  and  condition. 

Also  will  maintain  all  culverts,  waterways,  etc. 

Tenants1  Also  will  make  all  reasonable  compensation  to 

damages.  r 

tenants  for  damage  to  growing  crops. 

Itemflg*   to  Also  will  make  good  and  restore  any  damage 

which  may  be  done  to  any  buildings. 

Land  taken  to  Also  will  fence  off  all  land  taken  possession  of 

be  fenced* 

for  the  purpose  of  the  mining  operations. 
Restoration  of         And  also  after  the  lessees  have  exhausted  the 

surface.  .  .  _   .  ,  _       _ 

ironstone  from  any  part  of  the  appropnated  lands,  or 

after  they  have  ceased  for  six  months  to  use  the  same,  shall  before 

day  of  —  in  each  year  fill  up  all  pits  or  shafts,  surface,  and 

quarry  excavations  so  far  as  practicable,  and  shall,  to  the  satisfaction 

of  the  lessors  or  their  agent,  cover  the  same  with  good  soil  like  the 

surrounding  land  to  the  depth  of  eighteen  inches  at  the  least,  and  so 

as  to  make  the  said  lands  fit  for  ploughing,  tillage,  and  cultivation  in 

the  best  possible  manner,  making  and  restoring  the  ground  as  near 

to  the  state  of  the  adjoining  lands  as  circumstances  will  permit 

Also  when  any  furnaces,  buildings,  etc.,  shall  be  removed,  will 
level  the  site  to  the  depth  aforesaid,  but  no  rent  shall  be  payable 
after  the  lessees  cease  to  work  the  lands  so  restored  as  aforesaid. 

Sm/  and  turf         Also  will  before  making  any  pit,  shaft,  etc.,  and 
before  slacking  any  ironstone,  etc.,  pare  and  carry 
away  all  the  turf  and  soil  to  the  depth  it  now  is,  and  preserve  the 
same  until  again  needed. 

Not  to  work         Also  will  not  work  the  mines,  etc.,  or  break  the 
near  any  o     .    gurface  ^hjn  one  hundred  yards  of  any  house. 

Also  will  not  permit  miners,  etc.,  to  enter  upon  unappropriated 
lands. 
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Not  to  assign.    Also  will  not  assign,  etc.,  lease,  etc,  without  consent 
of  lessors. 

Partner.  Provided  that  the  introduction  of  a  partner  into  the 

Company  should  not  be  a  breach  of  the  last  covenant,  but  the  name 
of  every  new  partner  to  be  given  to  lessors,  and  a  certified  list  of 
partners  to  be  given  when  required. 

Lessees  not  to  bring  upon  or  over  the  lands,  railways,  etc.,  any 
ironstone,  etc.,  from  other  mines  except  for  exclusive  use  of  lessees. 

To   give   up  Lessees  to  deliver  up  quiet  possession  to  lessors 

possession.  ^  ^^  or  sooner  determination  of  term,  and  to  make 

good  and  restore  all  hedges,  etc.,  that  may  have  been  cut  through  or 
removed,  and  fill  in  all  pits,  etc.,  and  level  all  mounds  and  embank- 
ments to  make  surface  level  with  adjoining  land,  and  remove 
rubbish,  etc.,  but  lessors  first  to  have  option  to  allow  lands  to 
remain  in  same  state,  and  compensate  lessees  therefor. 

Tim*  allowed         Proviso.    The  lessees  may,  within  six  months 
buildings^etc.       after  end  of  term,  having  satisfied  covenants,  etc., 

take  and  use  ironstone,  etc,  raised  and  standing  on 
the  land,  and  remove  houses  and  other  erections  built  with  timber ; 
buildings  of  brick  or  stone  to  be  left  for  lessors  without  compensation. 

Lessors  may     .     Proviso.    If  lessors  are  desirous  of  purchasing 
any  of  the  erections,  plant,  etc,  upon  ground  at  end 
of  term,  they  to  give  notice  within  one  month  after  end  of  term. 
Price  to  be  settled  by  arbitration  in  case  of  dispute. 

Failure  of  Proviso.    If  mines,   etc.,   fail,  or  be  completely 

exhausted,  etc.,  the  lessees  may,  if  they  so  desire, 
yield  up  the  same  on  any  half-yearly  day  on  giving  three  months' 
notice.  Any  question  as  to  failure,  exhaustion,  etc.,  to  be  deter- 
mined by  arbitration. 

Determination         Lessees  may  also  give  up  the  premises  at  end  of 
any  year  on  six  months'  notice. 

Furnaces  to  be         Lease   is    granted    on    the   condition   that   the 

lessees  will,  before day  of 18 — ,  erect  two 

good  blast  furnaces  for  smelting  iron  ore,  etc.,  hereby  demised,  also 
iron  ore,  if  desired,  raised  from  —  estate,  also  leased  to  lessees, 
and  from  lands  within  three  miles  of  boundary  of  lands  demised. 
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Proviso.     If  lessees  make  default  in  erecting  aforesaid  furnaces, 
the  term  of  sixty-three  years  shall  be  reduced  to  forty-two  years. 

If  lessees  erect  four  furnaces  on  estate  they  shall  be 

accepted  for  and  in  lieu  of  the  two  furnaces  herein  provided  for. 

Arbitration.      Arbitration  clause. 

Notices.  Provision  as  to  giving  notices. 
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Lead  Bullion.  By  M.  Eissler,  M.E.  With  Illustrations  and  Plates.  Crown 
8vo.    Price  zas.  6a.  cloth. 

A   HANDBOOK    ON    MODERN   EXPLOSIVES:   a  Practical 

Treatise  on  the  Manufacture  and  Application  of  Dynamite,  Gun-Cotton,  Nitro- 
Glycerine,  and  other  Explosive  Compounds.  By  M.  Eissler,  Mining  Engineer. 
With  about  100  Illustrations.    Crown  8vo.    Price  105.  6d.  cloth. 

METALLIFEROUS  MINERALS  AND  MINING-     By  D.  c. 

Da  vies,  F.G.S.,  M.E.  Fifth  Edition,  Revised  and  Enlarged  by  his  Son,  E. 
Henry  Davies,  M.E.,  F.G.S.  With  150  Illustrations.  Crown  8vo.  Price 
235.  6d.  cloth. 
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WORKS    RELATING   TO    MINING  AND 
METALLURGY   {continued). 


EARTHY  AND  OTHER  MINERALS,  AND  MINING-     By 

D.  C.  Da  vies,  F.G.S.    Third  Edition,  Revised  and  Enlarged  by  his   Son, 

E.  H.  Da  vies,  M.E.,  F.G.S.     With  ioo  Illustrations.     Crown  8vo.      Price 
las.  6d.  cloth. 

MINING   MACHINERY  FOR  METALLIFEROUS   MINES, 

including  Haulage  and  the  Application  of  Electricity  to  Mining.    By  E.  H. 
Da  vies,  M.E.,  F7G.S.,  etc.    Crown  8vo.  [/«  the  press. 

MINERALOGY,  RUDIMENTS  OF :  A  Concise  view  of  the  General 
Properties  of  Minerals.  By  A.  Rah  sat,  F.G.S.,  F.R.G.S.,  etc.  Third  Edition, 
Revised  and  Enlarged.    Fcap.  8vo.     Price  45.  cloth. 

A  POCKET-BOOK  FOR  MINERS  AND  METALLURGISTS. 

Comprising  Rules,  Formulae,  Tables,  and  Notes  for  use  in  Field  and  Office 
Work,    By  F.  Danvers  Power,  M.E.,  F.G.S.    Fcap.  8vo,  400  pp. 


NOTES  AND  FORMULAS  FOR  MINING  STUDENTS.    By 

John  Herman  Merivale,  M.A.,  Certificated  Colliery  Manager,  and  Professor 
of  Mining  in  the  Durham  College  of  Science,  Newcastle-upon-Tyne.  Third 
Edition,  Revised.    Small  crown  8vo.    Price  as.  6d.  cloth. 

THE  PROSPECTOR'S  HANDBOOK :  A  Guide  for  the  Prospector 
and  Traveller  in  search  of  Metal- Bearing  or  other  valuable  Minerals.  By  J. 
W.  Anderson,  M.A.  (Camb.),  F.R.G.S.  Fifth  Edition,  Enlarged.  Small 
crown  Svo.    Price  3s.  6d.  cloth. 

MINE  DRAINAGE:  being  a  Complete  and  Practical  Treatise  on 
Direct  Acting  Underground  Steam  Pumping  Machinery.  By  Stephen 
Michell.  with  numerous  Wood  Engravings  and  Folding  Plates.  Octavo. 
Price  15s.  cloth. 

PUMPS  AND  PUMPING :  A  Handbook  for  Pump  Users.  Being 
Notes  on  Selection,  Construction  and  Management.  By  M.  Powis  Bale, 
M.I.M.E.    Second  Edition,  Revised.    Crown  Svo.    Price  2s.  6d.  cloth. 

STATIONARY  ENGINE  DRIVING:  A  Practical  Manual  for 
Engineers  in  charge  of  Stationary  Engines.  By  Michael  Reynolds. 
Fourth  Edition,  Enlarged.  With  Plates  and  Woodcuts.  Crown  8vo.  Price 
45.  6d.  cloth. 

A  MANUAL  OF  MINING  TOOLS.  For  the  Use  of  Mine  Managers, 
Agents,  Students,  etc.    By  William  Morgans.    Price  3s.  cloth. 

ATLAS  OF  ENGRAVINGS  to  Illustrate  the  Manual  of  Mining 
Tools,  containing  235  Illustrations  drawn  to  scale.    4to.    Price  4s.  6d.  cloth. 

THE  MINERAL  SURVEYOR  AND  VALUER'S  COMPLETE 

GUIDE.  Comprising  a  Treatise  on  Improved  Mining  Surveying  and  the 
Valuation  of  Mining  Properties.  By  W.  Lintern.  Mining  Engineer.  Third 
Edition,  with  an  Appendix        "  '         "  *  "  '  «»-•—   •-     - 

Plates.     Price  3s.  6a.  cloth. 


Edition,  with  an  Appendix  on  Magnetic  and  Angular  Surveying.    With  Four 
Plates.     Price  3s.  6a.  cloth. 

SUBTERRANEOUS  SURVEYING,  with  and  without  the  Magnetic 
Needle.  By  Thomas  Fenwick,  Surveyor  of  Mines,  and  Thomas  Baker,  C.E. 
Illustrated.    Price  3s.  cloth. 
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MECHANICAL  ENGINEERING,  etc. 

New  Pocket-Book  for  Mechanical  Engineers. 

THE  MECHANICAL  ENGINEER'S  POCKET-BOOK  OF 
TABLES,  FORMULAS,  RULES  AND  DATA.  A  Handy  Book  of  Reference 
for  Daily  Use  in  Engineering  Practice.  By  D.  Kinnbar  Clark,  M.Inst.C.E., 
Author  of  *'  Railway  Machinery,"  "  Tramways,"  &c.  &c.  Small  8vo,  nearly 
too  pages.  With  Illustrations.  Rounded  edges,  cloth  limp,  7*.  6d.;  or 
leather,  gilt  edges,  as.  [just  published. 

New  Manual  for  Practical  Engineers. 

THE  PRACTICAL  ENGINEER'S  HAND-BOOK.  Comprising 
a  Treatise  on  Modern  Engines  and  Boilers :  Marine,  Locomotive  and  Sta- 
tionary. And  containing  a  large  collection  of  Rules  and  Practical  Data 
relating  to  recent  Practice  in  Designing  and  Constructing  all  kinds  of 
Engines,  Boilers,  and  other  Engineering  work.  The  whole  constituting  a 
comprehensive  Key  to  the  Board  of  Trade  and  other  Examinations  for  Certi- 
ficates of  Competency  in  Modern  Mechanical  Engineering.  By  Walter  S. 
Huttom,  Civil  and  Mechanical  Engineer,  Author  of  "The  Works'  Manager's 
Handbook  for  Engineers,"  Ac  With  upwards  of  370  Illustrations.  Third 
Edition,  Revised,  with  Additions.  Medium  8vo,  nearly  500  pp.,  price  x8*. 
Strongly  bound. 

t^  This  work  is  designed  as  a  companion  to  the  Author's  u  Works' 
Manager's  Hand-book."  It  possesses  many  new  and  original  features,  and  con- 
tains, like  its  predecessor,  a  quantity  of  matter  not  originally  intended Jor  publica- 
tion, but  collected  by  the  author  for  his  own  use  m  the  construction  of  a  great  variety 
of  modern  engineering  work. 

%*  Opinions  of  thk  Press. 

"  A  thoroughly  good  practical  handbook,  which  no  engineer  can  go  through  without  teaming 
something  that  wffl  be  of  service  to  him."— Marine  Engineer. 

"  An  excellent  book  of  reference  for  engineers,  and  a  valuable  text-book  for  students  of 
engineering.  "ScHsmmn. 

"  This  valuable  manual  embodies  the  results  and  experience  of  the  leading  authorities  on 
mechanical  engineering."— Building  News. 

*'  The  author  has  collected  together  a  surprising  quantity  <u  rule*  and  practical  data,  and  has 
shown  much  judgment  in  the  selections  he  has  made.  .  .  .  There  Is  no  doubt  that  this  book  is 
one  of  the  most  useful  of  its  kind  published,  and  will  be  a  very  popular  compendium."— Engineer. 

"  A  mass  of  information,  set  down  in  simple  language,  and  In  such  a  form  that  it  can  be  easily 
referred  to  at  any  time.  The  matter  is  uniformly  good  and  well  chosen,  and  is  greatly  elucidated 
by  the  Illustrations.  The  book  win  find  Its  way  on  to  most  engineers'  shelves,  where  It  will  rank  as 
one  of  the  most  useful  books  of  reference."— Practical  Engineer. 

"  Should  be  found  on  the  office  shelf  of  ail  practical  engineers.*- English  Mechmnic, 
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Handbook  for  Works9  Managers. 

THE  WORKS'  MANAGER'S  HANDBOOK  OF  MODERN 

RULES,  TABLES,  AND  DATA.    For  Engineers,  Millwrights,  and  Boiler 

Makers;  Tool  Makers,  Machinists,  and  Metal  Workers;  Iron  and  Brass 

Founders,  Ac,  By  W.  S.  Hutton,  C.E.,  Author  of  M  The  Practical  Engineer's 

Handbook."  Fourth  Edition,  carefully  Revised,  and  partly  Re-written.    In 

One  handsome  Volume,  medium  8vo,  151.  strongly  bound.     [Just  published, 

t3T  The  Author  having  compiled  Ruin  and  Data  for  his  own  us*  in  a  great 

variety  of  modern  engineering  work,  and  having 'found  his  notes  extremely  useful, 

decided  to  publish  them — revised  to  date— believing  that  a  practical  work,  suited  to 

the  daily  requirements  or  modern  knginekrs,  would  be  favourably  received. 

In  the  Thtrd  Edition,  the  following  among  other  additions  have  been  made,  vis.: 
Rules  for  the  Proportions  of  Riveted  Joints  in  Soft  Steel  Plates^  the  Results  of  Experi- 
ments by  Professor  Kennedy  for  the  Institution  of  Mechanical  Engineers — Rules 
for  the  Proportions  of  Turbines— Rules  for  tit*  Strength  of  Hollow  Shafts  of}Vhit~ 
worth's  Compressed  steel,  &c. 

%*  Opinions  of  the  Press. 

••The  author  treats  every  subject  from  the  point  of  view  of  one  who  has  collected  workshop 
aotes  for  application  in  workshop  practice,  rather  than  from  the  theoretical  or  literary  aspect.  The 
volume  contains  a  great  deal  of  that  kind  of  information  which  is  gained  only  by  practical  experi- 
ence, and  is  seldom  written  la  books."— Engineer. 

'The  volume  is  an  exceedingly  useful  one,  brimful  with  engineers'  notes,  memoranda,  and 


general  engineering." — Mining  Journal. 

"A  formidable  mass  of  facts  and  figures,  readily  accessible  through  an  elaborate  Index 
....  Such  a  volume  win  be  found  absolutely  necessary  as  a  book  of  reference  m  aD  sorts 
of  'works'  connected  with  the  metal  trades."— Rylamd's  Iron  Trades  Circular. 

"  Brimful  of  useful  information,  stated  in  a  concise  form,  Mr.  Hutton's  books  have  met  a  press- 
ing want  among  engineers.  The  book  must  prove  extremely  useful  to  every  practical  mam 
fin  miming  a  copy. "—Practical  Enjtinttr. 

Practical  Treatise  on  Modern  Steam-Boilers. 

STEAM-BOILER  CONSTRUCTION.  A  Practical  Handbook 
for  Engineers,  Boiler- Makers,  and  Steam  Users.  Containing  a  large  Col- 
lection of  Rules  and  Data  relating  to  the  Design,  Construction,  and  Working 
of  Modern  Stationary,  Locomotive,  and  Marine  Steam- Boilers.  By  Walter 
S.  Hutton,  C.B.,  Author  of  "The  Works'  Manager's  Handbook,"  Ac. 
With  upwards  of  300  Illustrations.    Medium  8vo,  181.  cloth.   {Just  published. 

"Every  detail,  both  in  boiler  design  and  management,  is  clearly  laid  before  the  reader.  The 
volume  shows  that  boiler  construction  nas  been  reduced  to  the  condition  of  one  of  the  most  exact 
sciences ;  and  such  a  book  is  of  the  utmost  value  to  the  JIh  dt  Steele  Engineer  and  Works' 
Manager."— Marine  Engineer. 

"  There  has  long  been  room  for  a  modern  handbook  on  steam  boilers ;  there  is  not  that  room 
now,  because  Mr.  Hutton  has  ailed  It.  It  is  a  thoroughly  practical  book  for  those  who  are  occu- 
pied in  the  construction,  design,  selection,  or  use  of  boucn."— Engineer. 

"The  Modernised  Templeton." 

THE  PRACTICAL  MECHANICS  WORKSHOP  COM- 
PA  NION.  Comprising  a  great  variety  of  the  most  useful  Rules  and  Formulas 
in  Mechanical  Science,  with  numerous  Tables  of  Practical  Data  and  Calcu- 
lated Results  for  Facilitating  Mechanical  Operations.  By  William  Temflb- 
ton,  Author  of  "The  Engineer's  Practical  Assistant,"  Ac.  Ac.  Sixteenth 
Edition,  Revised,  Modernised,  and  considerably  Enlarged  by  Walter  S. 
Hutton,  C.E.,  Author  of  "The  Works'  Manager's  Handbook."  "The 
Practical  Engineer's  Handbook,"  Ac  Fcap.  8vo,  nearly  500  pp.,  with  Bight 
Plates  and  upwards  of  950  Illustrative  Diagrams,  6s.,  strongly  bound  tor 
workshop  or  pocket  wear  and  tear.  [?***  published, 

*,*  Opinion 8  of  the  Press. 


"  la  Its  modernised  form  Hutton's '  Templeton '  should  have  a  wide,  sale,  for  It  contains 
valuable  Information  which  the  mechanic  will  often  find  of  use.  and  not  a  few  tables  and  notes  which 
he  might  look  for  In  vain  in  other  works.  This  modernised  edition  wi  be  appreciated  by  all  who 
have  learned  to  value  the  original  editions  of  *  Templeton.' '  —English  Mechanic 

"  It  has  met  with  great  success  in  the  engineering  workshop,  as  we  can  testify :  and  there  are 
a  great  many  men  who,  in  a  great  measure,  owe  their  rise  in  life  to  this  little  bock."— Building  News. 

"  This  familiar  text-book— well  known  to  all  mechanics  and  engineers— is  of  essential  service  to 
the  every-day  requirements  of  engineers,  millwrights,  and  the  various  trades  connected  with 
engineering  and  building.  The  new  modernised  edition  is  worth  its  weight  m  gold."— Building 
News.    (Second  Notice.) 

"  This  well-known  and  largely- used  book  contains  information,  brought  up  to  date,  of  the 
sort  so  useful  to  the  foreman  and  draughtsman.  So  much  fresh  information  has  been  introdaced 
as  to  constitute  it  practically  a  new  book.  It  will  be  largely  used  in  the  office  and  workshop.  '— 
Attehanical  Wmrld. 


MECHANICAL  ENGINEERING,  §tc. 


Stone-working  Machinery, 

STONE-WORKING  MACHINERY,  and  ths  Rapid  and  Economi- 
cal Conversion  of  Stone.  With  Hints  on  the  Arrangement  and  Management 
of  Stone  Works.  By  M.  Powrs  Balk,  M.I.M.E.  With  1  Musts.  Crown  8vo,  o». 
" Should  he  In  the  hand*  of  every  mason  or  student  of  «ton#»-work. "—Ceiliery  Guardian. 
'*  A  capital  handbook  tor  all  who  manipulate  stone  for  building  or  ornamental  purposes.  "*— 
Machinery  Market. 

JPump  Construction  and  Management. 

PUMPS  AND  PUMPING  :  A  Handbook  for  Pump  Users.  Being 

Notes  on  Selection,  Construction  and  Management.    By  M.  Powis  Balk, 

M.I.M.E.,  Antbor  of  "  Woodworking  Machinery/*  Ac.    Crown  8vo,  is.  64. 

*'  The  matter  is  set  forth  as  concisely  as  possible.  In  net.  condensation  rather  than  dlfraseness 

has  been  the  author's  aim  throughout ;  yet  he  does  not  seem  to  have  omitted  an  rthinjr  ttkelv  to  ha 

Of  va*."-J*umalaf  Gas  Lighting,  j— «*««»ywD. 

Milling  Machines,  etc. 

MILLING  :  A  Treatise  on  Machines,  Appliances,  and  Processes  em- 
ployed  in  the  Shaping  of  Metals  by  Rotary  Cutters,  including  Information  on 
Making  and  Grinding  the  Cutters.  By  Paul  N.  Hasluck,  Author  of"  Lathe- 
work."    With  upwards  of  300  Engravings.    Large  crown  8vo,  12a.  6d.  doth. 

Turning.  &***  polished. 

LATHE-WORK :  A  Practical  Treatise  on  the  Tools,  Appliances, 

and  Processes  employed  in  the  Art  of  Turning.     Bv  Paul  N.  Hasluck. 

Fourth  Edition,  Revised  and  Enlarged.    Cr.  8vo,  5s.  cloth. 

"  Written  by  a  man  who  knows,  not  only  how  work  ought  to  be  done,  but  who  also  knows  how 
to  do  it,  and  how  to  convey  his  knowledge  to  others.  To  all  turners  this  book  would  be  valuable.'' 
—Engineering. 

"we  can  safely  recommend  the  work  to  young  engineers.  To  the  amateur  ft  wffl  simply  be 
invaluable.    To  the  student  it  will  convey  a  great  deal  of  useful  information. N— Engineer : 

Screw-Cutting* 

SCREW  THREADS :  And  Methods  of  Producing  Them.  With 
Numerous  Tables,  and  complete  directions  for  using  Screw-Cutting  Lathes. 
By  Paul  N.  Hasluck,  Author  of  "  Lathe- Work,"  £c.  With  Fifty  Illustra- 
tions. Third  Edition,  Enlarged.  Waistcoat-pocket  size,  is.  64.  cloth. 
••  Full  of  useful  Information,  hints  and  practical  criticism.  Taps,  dies  and  screwiag-tools  gene- 
rally are  illustrated  and  their  action  described.*'— Mechanical  World. 

"  It  b  a  complete  compendium  of  all  the  details  of  the  screw  cutting  lathe ;  in  fact  a  multum. 
in-farv*  on  all  the  subjects  it  treats  upon."— Carpenter  and  Builder. 

Smith's  Tables  for  Mechanics,  etc 

TABLES,  MEMORANDA,  AND  CALCULATED  RESULTS, 

FOR    MECHANICS,    ENGINEERS,  ARCHITECTS,  BUILDERS,  etc. 

Selected  and  Arranged  by  Francis  Smith.  Fifth  Edition,  thoroughly  Revised 

and  Enlarged,  with  a  New  Section  of  Electrical  Tables,  Formula,  and 

Memoranda.    Waistcoat- pocket  size,  is.  64.  limp  leather.        [Just  published, 

"  It  would,  perhaps,  be  as  difficult  to  make  a  small  pocket-book  selection  of  notes  and  * 

to  suit  ALL  engineers  as  it  would  be  to  make  a  universal  medicine ;  but  Mr.  Smith's 

pocket  collection  may  be  looked  upon  as  a  successful  attempt."— Engineer. 

"The  best  example  we  have  ever  seen  of  050  pages  of  useful  matter  packed  into  tl 
sions  of  a  card-case."— Building  News.       ••  A  veritable  pocket  treasury  of  knowledge.'*—/'**. 

Engineer's  and  Machinist's  Assistant. 

THE  ENGINEER'S,  MILLWRIGHT'S,  and  MACHINIST'S 
PRACTICAL  ASSISTANT.  A  collection  of  Useful  Tables,  Rules  and  Data. 
By  William  Tkmplkton.  7th  Edition,  with  Additions.  i8mo,  as.  64.  cloth. 
"Occupies  a  foremost  place  among  books  of  this  kind.  A  more  suitable  present  to  an  appren- 


tice to  any  of  the  niechanical  trades  could  not  possibly  be  made."— Building  News. 


"A  deservedly  popular,  work,  it  should  be  in  the  'drawer'  of  every  mechanic.  "--Jftv«fA 

Iron  and  Steel. 

"  IRON  AND  STEEL »• ;  A  Work  for  the  Forge,  Foundry,  Factory, 
and  Office.  Containing  ready,  useful,  ana  trustworthy  Information  for  Iron- 
masters ;  Managers  of  Bar,  Rail,  Plate,  and  Sheet  Rolling  Mills':  Iron  and 
Metal  Founders;  Iron  Ship  and  Bridge  Builders ;  MecnanicaL  Mining,  and 
Consulting  Engineers ;  Contractors,  Builders,  &c.  By  Charles  Hoark. 
Eighth  Edition,  Revised  and  considerably  Enlarged.    321X.0,  6s.  leather. 

-  One  of  the  best  of  the  pocket  bo6k%.n—£ngUsM  Mechanic. 

"We  cordially  recommend  this  book  to  those  engaged  In  considering  the  details  of  all  kinds  of 
faron  and  steel  works."— Naval  Science. 
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Engineering  Construction, 

PATTERN -MAKING :  A  Practical  Treatise,  embracing  the  Main 
Types  of  Engineering  Construction,  and  including  Gearing,  both  Hand  and 
Machine  made,  Engine  Work,  Sheaves  and  Pulleys,  Pipes  and  Columns, 
Screws,  Machine  Parts,  Pumps  and  Cocks,  the  Moulding  of  Patterns  in 
Loam  and  Greensand,  Ac.,  together  with  the  methods  of  Estimating  the 
weight  of  Castings;  to  which  is  added  an  Appendix  of  Tables  for  Workshop 
Reference.  By  a  Fomm  am  Pattern  Makbk.  With  upwards  of  Three 
Hundred  and  Seventy  Illustrations.  Crown  8vo,  71.  64.  cloth. 
"A  weH»written  technical  guide,  evidently  written  by  a  man  who  understands  and  has  prac- 


"  Likely  to  prove  a  welcome  guide  to  many  workmen,  especially  to  draughtsmen  who  hare 
lacked  a  training  m  the  shops,  pupQs  pursuing  their  practical  studies  m  our  factories,  and  to  em- 
ployers and  managers  In  engineering  works.—  Hardware  Trad*  Journal. 

"More  than  jro  flmstratkms  help  to  explain  the  text  which  is,  however,  always  dear  and  ex- 
plicit) dins  rendering  the  work  an  excellent  wade  mecum  tar  the  apprentice  who  desires  tot 
— —  of  bis  txtda*— English  Mechanic. 


Dictionary  of  Mechanical  Engineering  Terms, 

LOCKWOOD'S  DICTIONARY  OF  TERMS  USED  IN  THE 
PRACTICE  OF  MECHANICAL  ENGINEERING,  embracing  those  current 
in  the  Drawing  Office,  Pattern  Shop,  Foundry,  Fitting,  Turning,  Smith's  and 
Boiler  Shops,  Ac  &c.  Comprising  upwards  of  6,000  Definitions.  Edited  by 
A  Forbiiam  Pattbrn-Maxsr,  Author  of  "  Pattern  Making."  Crown  8vo, 
71.  fid.  cloth. 

•'Just  the  sort  of  handy  dictionary  required  by  the  various  trades  engaged  In  mechanical  en- 
gineering. The  practical  engineering  pupil  will  find  the  book  of  great  value  in  his  studies,  and 
every  foreman  engineer  and  mechanic  should  have  a  copy."— Building  News. 

"After  a  careful  examination  of  the  book,  and  trying  all  manner  of  words,  we  think  that  the 
engineer  will  here  find  all  he  is  likely  to  require.    It  will  be  largely  used."— Practical  Engineer. 

"One  of  the  most  useful  books  which  can  be  presented  to  a  mechanic  or  student."— EngHs h 
Mechanic. 

"Not  merely  a  dictionary,  but,  to  a  certain  extent,  also  a  most  valuable  guide.  It  strikes  us  as 
a  happy  idea  to  combine  with  a  definition  of  the  phrase  useful  information  on  the  subject  of  which 
It  treats."— Machinery  Market. 

"  No  word  having  connection  with  any  branch  of  constructive  engineering  seems  to  be 
omitted.    No  more  comprehensive  work  has  been,  so  far,  issued.  —  Knowledge. 

"We  strongly  enmmend  this  useful  and  reliable  adviser  to  our  friends  m  the  workshop,  and  to 
students  everywhere.'*— Colliery  Guardian. 

Steam  Boilers, 

A  TREATISE  ON  STEAM  BOILERS:  Their  Strength,  Com- 
struciion,  and  Economical  Working.  By  Robert  Wilson,  CE.  Fifth  Edition, 
xsmo,  6s.  cloth. 

"  The  best  treatise  that  has  ever  been  pubHshed  on  steam  bcUon."— Engineer. 
"The  author  shows  himself  perfect  master  of  his  subject,  and  we  beertfiy  recommend  sB  ea> 
ploying  steam  power  to  possess  themselves  of  the  work."— Eyiand 's  Irm  Trade  Circular. 

Boiler  Chimneys. 

BOILER  AND  FACTORY  CHIMNEYS;  Their  Draught-Power 
and  Stability.  With  a  Chapter  on  Lightning  Conductors.  By  Robert 
Wilson,  A. I.C.E.,  Author  of  "A  Treatise  on  Steam  Boilers,"  &c.  Second 
Edition.    Crown  8vo,  3*.  64.  cloth. 

"Full  of  useful  information,  definite  in  statement,  and  thoroughly  practical  In  treatment.  — 
The  Local  Government  Chronicle. 

M  A  valuable  contribution  to  the  lterature  of  scientific  building.''— The  Builder. 

Boiler  Making. 

THE  BOILER-MAKER'S  READY  RECKONER  &  ASSIST- 

A  NT.    With  Examples  of  Practical  Geometry  and  Templating,  for  the  Use 

of  Platers,  Smiths  and  Riveters.  By  John  Courtnsy,  Edited  by  D.  K.  Class, 

M.I.CB.    Third  Edition,  480  pp.,  with  140  Musts.   Fcap.  8vo,  7$.  half-bound. 

"  No  workman  or  apprentice  should  be  without  this  book."— Iron  Trade  Circular. 

-  BoOer-makers  wfll  readOy  recognise  the  value  of  this  volume.    .    .    .    The  tables  are  cieaiif 

printed,  and  so  arranged  that  they  can  be  referred  to  with  the  greatest  faculty,  so  that  It  cannot  be 

doubled  that  they  will  be  generally  appreciated  and  much  usea."— Mining  Journal. 

Warming. 

HEATING  BY  HOT   WATER;  with  Information  and  Sug- 
gestions on  the  best  Methods  of  Heating  Public,  Private  and  Horticultural 
Buildings.    By  Walter  Tones.    With  Illustrations,  crown  8vo,  ss.  cloth. 
"  We  confidently  recommend  alflnterested  in  heating  by  hot  water  to  secure  a  copy  of  this 
valuable  little  treads*."- The  Ptumhtr  and  Decorator. 
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MECHANICAL  ENGINEERING,  tic. 


Steam  Engine. 

TEXT-BOOK  ON  THE  STEAM  ENGINE.  With  a  Sup- 
plement  on  Gas  Engines,  and  Part  II.  on  Heat  Engines.  By  T.  M. 
Goodkvb,  M.A^  Bamster-at-Law,  Professor  01  Mechanics  at  the  Normal 
School  of  Science  and  the  Royal  School  of  Mines;  Author  of  "The  Princi- 
ples of  Mechanics,"  "The  Elements ot  Mechanism,"  Ac  Eleventh  Edition, 
enlarged.  With  numerous  Illustrations.  Crown  8>o,  6s.  doth. 
"Professor  Goodeve  has  given  as  a  treatise  on  the  Mean  angina  which  wfll ' 

with  anything  written  by  Huxley  or  Maxwell,  and  we  can  award  it  no  higher  praise."— B* 

"  Mr.  Goodeve's  text-book  b  a  work  of  which  every  young  engineer  should  possess  himsehV 

—Mining  Journal. 

Gas  Engines, 

ON  GAS-ENGINES.  Being  a  Reprint,  with  some  Additions,  of 
the  Supplement  to  the  Text-book  en  the  Steam  Engine,  by  T.  M.  Goodeve, 
M.A.    Crown  8vo,  as.  64.  cloth. 

"  Like  aD  Mr.  Goodeve'i  writings,  the  present  is  no  exception  In  point  of  general  excellence. 
It  Is  a  valuable  little  volume."— Mtckaniad  IVorbL 

Steam. 

THE  SAFE  USB  OF  STEAM.  Containing  Rules  for  Un- 
professional Steam-users.    By  an  Engineer.    Sixth  Edition.    Sewed,  64. 

ib 


If  steam-user*  would  but  learn  this  Httio  book  by  heart  hotter  explosions  would 
sensations  by  their  rarity."— B ngliih  Muhanic 

Reference  Book  for  Mechanical  Engineers* 

THE  MECHANICAL  ENGINEER'S  REFERENCE  BOOK, 
for  Machine  and  Boiler  Construction.  In  Two  Parts.  Part  I.  General. 
Engineering  Data.  Part  II.  Boiler  Construction.  With  51  Plates  and 
numerous  Illustrations.  By  Nelson  Foley,  M.I.N.A.  Folio,  £5  5s.  half- 
bound.  [Just  published.  • 

Coal  and  Speed  Tables. 

A  POCKET  BOOK  OF  COAL  AND  SPEED  TABLES,  for 
Engineers  and  Steam-users.     By  Nelson  Foley,  Author  of  "  Boiler  Con- 
struction.**   Pocket-sice,  3s.  6a*.  cloth ;  4s.  leather. 
"These  tables  are  designed  to  meet  the  requirements  of  every-day  use ;  and  maybe 

mended  to  engineers  and  users  of  steam."—  fr»n. 

"  This  pocket-book  weB  merits  the  attention  of  the  practical  engineer.    Mr.  Foley  has 

piled  a  very  useful  set  of  tables,  the  information  contained  in  which  Is  frequently  required  by 
,  coal  consumers  and  users  of  steam.  *Wrwi  and  &ml  Trmdu  KmHtm. 


Eire  Engineering. 

FIRES,  FIRE-ENGINES,  AND  FIRE-BRIGADES.  With 
a  History  of  Fire-Engines,  their  Construction,  Use,  and  Management:  Re- 
marks on  Fire-Proof  Buildings,  and  the  Preservation  of  Life  from  Fire ; 
Foreign  Fire  Systems,  Ac.  By  C.  F.  T.  Young,  C.E.  With  numerous 
Illustrations,  544  pp.,  demy  8vo,  /t  41.  cloth. 
"To  such  of  our  readers  as  are  interested  in  the  subject  of  fires  and  fire  apparatus,  we  can  most 

heartily  commend  this  book."—  &n*in*tring. 

"It  displays  much  evidence  of  careful  research;  and  Mr.  Young  has  pot  hb  facts  neatly 

together.  It  is  evident  enough  that  his  acquaintance  with  the  practical  details  of  the  construction  ot 

steam  fire  engines  is  accurate  and  tvSLn—Bngtiutr, 

Estimating  for  Engineering  Work,  Ac* 

ENGINEERING  ESTIMATES,  COSTS  AND  ACCOUNTS: 
A  Guide  to  Commercial  Engineering.  With  numerous  Examples  of  Esti- 
mates and  Costs  of  Millwright  Work,  Miscellaneous  Productions,  Steam 
Engines  and  Steam  Boilers;  and  a  Section  on  the  Preparation  of  Costs 
Arcounts.  By  A  General  Manager.  Demy  8vo,  12s.  cloth. 
"  Thl«  is  an  excerent  and  very  useful  book,  covering  subject- matter  in  constant  requisition  In 

every  factory  and  workshop.  .  .  .   The  bonk  Is  Invaluable,  not  only  to  the  young  engineer,  but 

also  to  the  estimate  department  of  every  works."—  Buildtr. 

"  We  accord  the  work  unqualified  praise.   The  information  Is  given  In  a  plain,  straightforward 

manner,  and  hears  throughout  evidence  of  the  intimate  practical  acquaintance  of  the  author  with 

every  phrase  of  commercial  engineeting."— ArVMaNica/  lV«rla\ 

Elementary  Mechanics. 

CONDENSED  MECHANICS.  A  Selection  of  Formulae.  Rules, 
Tables,  and  Data  for  the  Use  of  Engineering  Students,  Science  Classes,  Ac. 
In  Accordance  with  the  Requirements  of  the  Science  and  Art  Department 
By  W.  G.  Crawford  Hughes,  A.M.I.C.E.    Crown  8vo,  ai.cW.  cloth.  .... 

{Just  published. 


CROSBY  LOCKWOOD  <*•  SON'S  CATALOGUE. 


THE  POPULAR  WORKS  OF  MICHAEL  REYNOLDS 
("The  Engine  Driver's  Friend"}. 

Locomotive-Engine  Driving. 

LOCOMOTIVE-ENGINE  DRIVING  :  A  Practical  Manual  for 
Engineers  in  chart*  of  Locomotive  Engines.  By  Michael  Reynolds,  Member 
of  the  Society  of  Engineers,  formeri y  Locomotive  Inspector  L.  B.and  S.C.R. 
Eighth  Edition.  Including  a  Kky  to  the  Locomotive  Engine,  With  Illus- 
trations and  Portrait  of  Author.  Crown  8vo.  as.  6d.  cloth. 
"Mr.  Reynolds  has  supplied  a  want,  and  has  supplied  It  well.  We  can  confidently  fecommend 

4he  book,  not  only  to  the  practical  driver,  but  to  everyone  who  takes  an  Interest  in  the  petfocmanci 

of  locomotive  engines."— 77k*  Enfinttr. 

"  Mr.  Reynolds  has  opened  a  new  chapter  In  the  literature  of  the  day.  This  admirable  practical 

•treatise,  of  the  practical  utility  of  which  we  have  to  speak  in  terms  of  warm  commendation.''--' 

Athmaum. 

"  Evidently  die  work  of  one  who  knows  his  subject  thoroughly."-  Railway  Service  Gasmtte. 


Were  the  cautions  and  rules  given  In  the  book  to  become  part  of  the  every-day  working  of 


■our  engine-drivers,  we  might  have  fewer  distressing  accidents  to  deplore. 

Stationary  Engine  Driving. 

STATIONARY  ENGINE  DRIVING :  A  Practical  Manual  far 
Engineers  in  charge  of  Stationary  Engines.  By  Michael  Reynolds.  Fourth 
Edition,  Enlarged.  With  Plates  and  Woodcuts.  Crown  8vo,  as.  6d.  cloth. 
"The  author  is  thoroughly  acquainted  with  his  subjects,  and  his  advice  on  the  various  points 
treated  is  clear  and  practical  .  .  .  He  has  produced  a  manual  which  is  an  eTceodlngiy  useful 
far  the  class  lor  whom  it  is  specially  Intended/'— S nginetrinr. 


"  Our  author  leaves  no  stone  unturned.    He  is  determined  that  his  readers  shall  not  only  1 
something  about  the  stationary  engine,  but  all  about  it."— Engineer. 

"An  engineman  who  has  mastered  the  contents  of  Mr.Reynolds's  bookwtn  require  but  little  actual 
experience  with  boilers  and  engines  before  he  can  be  trusted  to  look  after  them."— EngHshMechanlt. 

The  Engineer,  Fireman,  and  Engine-Boy. 

THE  MODEL  LOCOMOTIVE  ENGINEER,  FIREMAN,  and 
ENGINE-BOY.    Comprising  a  Historical  Notice  of  the  Pioneer  Locomotive 
Engines  and  their  Inventors.   By  Michael  Reynolds.  With  numerous  Illus- 
trations and  a  fine  Portrait  of  George  Stephenson.    Crown  8vo(  4s.  64.  cloth. 
"  From  the  technical  knowledge  of  the  author  it  will  appeal  to  the  railway  man  of  to-day  motet 
forcibly  than  anything  written  by  Dr.  Smiles.    .    .    .    The  volume  contains  information  of  a  tech- 
nical kind,  and  acts  that  every  driver  should  be  familiar  with."— English  Mechanic. 

"We  should  be  glad  to  see  this  book  In  the  possession  of  everyone  in  the  ""g*1**— 1  who  has 
ever  laid,  or  is  to  lay,  hands  on  a  locomotive  engine."— Iron, 

Continuous  Railway  Brakes. 

CONTINUOUS  RAILWAY  BRAKES:  A  Practical  Treatise  on 
the  several  Systems  in  Use  in  the  United  Kingdom;  their  Construction  and 
Performance.  With  copious  Illustrations  and  numerous  Tables.  By  Michael 
Reynolds*    Large  crown  8vo,  9s.  cloth. 
"  A  popular  explanation  of  the  different  brakes.  It  will  be  of  great  assistance  in  forming  public 

opinion,  and  will  be  studied  with  benefit  by  those  who  take  an  interest  in  the  brake."— English 

Mtchanic 

M  Written  with  sufficient  technical  detail  to  enable  tine  principle  and  relative  connection  ot  the 

various  parts  of  each  particular  brake  to  be  readily  grasped.''— Mtchanical  Wartd. 

Engine-Driving  IAfe. 

ENGINE-DRIVING  LIFE :  SHrring  Adventures  and   Incidents 

in  the  Lives  of  Locomotive-Engine  Drivers.    By  Michael  Reynolds.  Second 

Edition,  with  Additional  Chapters.    Crown  8vo.  25.  cloth 

"  From  first  to  last  perfectly  fascinating.  WOkie  CoDins's  most  thrilling  conceptions  are  thrown 
Into  the  shade  by  true  incidents,  endless  in  their  variety,  related  in  every  page."— North  British  MaiL 

"  Anyone  who  wishes  to  get  a  real  insight  into  railway  life  cannot  do  better  than  read  '  Engine- 
Driving  Life'  for  himself :  and  If  he  once  take  it  up  he  wfl]  find  that  the  author's  enthusiasm  ana  real 
ove  01 The  engine-driving  profession  wiO  carry  him  00  till  he  has  read  every  page.  N—sS«*«nAv  £*•*«. 

Pocket  Companion  for  Enginemen. 

THE  ENGINEMAN'S  POCKET  COMPANION  AND  PRAC- 
TICAL EDUCATOR  FOR  ENGINEMEN,  BOILER  ATTENDANTS, 
AND  MECHANICS.  By  Michael  Reynolds.  With  Forty-five  Illustra- 
tions and  numerous  Diagrams.  Second  Edition,  Revised.  Royal  18100, 3s.  6d.t 
strongly  bound  for  pocket  wear. 

'*  This  admirable  work  is  well  suited  to  accomplish  Its  object,  being  the  honest  workmanship  of 
a  competent  engineer." — Glasgow  Herald. 

"  A  most  meritorious  work,  giving  in  a  succinct  and  practical  form  all  the  Information  an  1 
minder  desirous  of  mastering  the  scientific  principles  or  hts  daily  calling  would  require."—, 

"  A  boon  to  those  who  are  striving  to  become  efficient  mechanic*."— Daily  ChronieU. 


CIVIL  ENGINEERING,  SURVEYING,  $tc. 


French-English  Glossary  for  Engineers,  etc* 

A  POCKET  GLOSSARY  of  TECHNICAL  TERMS:  ENGLISH- 
FRENCH,  FRENCH-ENGLISH ;  with  Tables  suitable  for  the  Architectural, 
Engineering,  Manufacturing  and  Nautical  Professions.  Bv  John  Jambs 
Fletcher,  Engineer  and  Surveyor,  soo  pp.  Waistcoat-pocket  sue,  is.  <WM 
limp  leather. 

"  It  ought  certainly  to  be  In  the  waistcoat-pocket  of  every  profession  ■!  man,"— /rvn. 
"  It  is  a  very  great  advantage  for  readers  and  correspondents  in  France  and  England  to  have 
so  large  a  number  of  the  words  relating  to  engineering  and  manufacturers  collected  m  a  BHpnlkn 
volume.    The  little  book  will  be  useful/both  to  students  and  travellers.'  —Architect. 

"  The  glossary  of  terms  is  very  complete,  and  many  of  the  tables  are  new  and  well  arranged. 
We  cordially  commend  the  book.  — Mechanical  WfU 

Portable  Engines. 

THE  PORTABLE  ENGINE;  ITS  CONSTRUCTION  AND 
MANAGEMENT.  A  Practical  Manual  for  Owners  and  Users  of  Steam 
Engines  generally.  By  William  Dyson  Wansbrouoh.  With  90  Illustra- 
tions.   Crown  8vo,  3s.  6d.  cloth. 


1  This  Is  a  work  of  value  to  those  who  use  steam  machinery.  .  .  .  Should  be  read  by  every- 
one who  has  a  steam  engine,  on  a  farm  or  elsewhere.''— Mark  Lane  Express. 

"  We  cordially  commend  this  work  to  buyers  and  owners  ol  steam  engines,  and  to  those  who 
have  to  do  with  their  construction  or  use."*—  Timber  Trades  Jeurnal. 

*'  Such  a  general  knowledge  of  the  steam  engine  as  Mr.  Wansbrou«h  furnishes  to  the  reader 
should  be  acquired  by  all  intelligent  owners  and  others  who  use  the  steam  engine."— Building  News. 

"  An  excellent  text-book  of  this  useful  form  of  engine,  which  describes  with  all  necessary 
minuteness  the  details  of  the  various  devices. . .  '  The  Hints  to  Purchasers  contain  a  good  deal  of 
commonsense  and  practical  wisdom."— -finite*  Mechanic. 


giving  Tables  of  Rates  of  Supply,  Velocities, 
ftc.  &c  together  with  Specifications  of  several 
Works  illustrated,  among  which  will  be  found : 
Aberdeen,  Bldeford,  Canterbury,  Dundee. 
Halifax.  Lambeth,   Rotherham,  Dublin,  and 


CIVIL  ENGINEERING,  SURVEYING,  etc. 

MR.  HUMBER'SIMPORTANT  engineering  books. 

The  Water  Supply  of  Cities  and  Towns. 

A  COMPREHENSIVE  TREATISE  on  the  WATER-SUPPLY 
OF  CITIES  AND  TOWNS.  By  William  Humber,  A-M.In8t.CB.,  and 
M.  Inst.  M.E.,  Autbcr  of  "Cast  and  Wrought  Iron  Bridge  Construction," 
Ac.  Ac.  Illustrated  with  30  Double  Plates,  1  Single  Plate,  Coloured 
Frontispiece,  and  upwards  of  350  Woodcuts,  and  containing  400  pages  of 
Text.    Imp.  4to,  £6  61.  elegantly  and  substantially  half-bound  in  morocco. 

Lxst  of  Contents. 
I.  Historical  Sketch  of  some  of  the  means        Conduits.— XIII.  Distribution  of  Water.— XTV. 

that  have  been  adopted  for  the  Supply  of  Water  Meters.  Service  Pipes,  and  House  Fittings.— 
to  Cities  and  Towns.— II.  Water  and  the  Fo-  XV.  The  Law  and  Economy  of  Water  Works, 
reign  Matter  usually  associated  with  ft.- ILL  XVI.  Constant  and  Intermittent  Supply.— 
Rainfall  and  Evaporation.— IV.  Springs  and  XVIL  _Description  of  Plates.  —  Appendices, 
the  water-bearing  formations  of  various  dis- 
tricts.—V.  Measurement  and  Estimation  of  the 
flow  of  Water  —VI.  On  the  Selection  of  the 
Source  of  Supply.— VII.  Wells.— VIII.  Reser- 
voirs.—IX.  The  Purification  of  Water.— X. 
Pumps.  —  XL    Pumping    Machinery.  —  XII.        others. 

"  The  most  systematic  and  valuable  work  upon  water  supply  hitherto  produced  In  English,  or 
In  any  other  language.  .  .  .  Mr.  Humber  s  work  is  characterised  almost  throughout  by  an 
eihaustiveness  much  more  distinctive  of  French  and  German  than  of  English  technical  treatises." 
—Engineer. 

"  We  can  congratulate  Mr.  Humber  on  having  been  able  to  give  so  large  an  amount  of  Insbr- 
matJon  on  a  subject  so  important  as  the  water  supply  of  cities  and  towns.  The  plates,  «ty  m 
cumber,  are  mostly  drawings  of  executed  works,  and  alone  would  have  commanded  the  attention 
of  every  engineer  whose  practice  may  lie  in  this  branch  of  the  profession."— Builder. 

Cast  and  Wrought  Iron  Bridge  Construction. 

A  COMPLETE  AND  PRACTICAL  TREATISE  ON  CAST 
AND  WROUGHT  IRON  BRIDGE  CONSTRUCTION,  including  Iron 
Foundations.  In  Three  Parts— Theoretical,  Practical,  and  Descriptive.  By 
William  Humber,  A.M.lnst.C.E.,  and  M.Inst M.E.  Third  Edition,  Re- 
vised and  much  improved,  with  115  Double  Plates  (so  of  which  now  first 
appear  in  this  edition),  and  numerous  Additions  to  the  Text  In  Two  Vols., 
imp.  4to,  £6  16s.  6d.  half-bound  in  morocco. 

"A  very  valuable  contribution  to  the  standard  literature  of  dvfl  engineering.  In  addition  to 
elevations,  plans  and  sections,  large  scale  details  are  given  which  very  much  enhance  the  instruc- 
tive worth  of  those  illustrations.''— Civil  Engineer  and  Architect's  Journal. 

"Mr.  Humber's stately  volumes,  lately  issued— in  which  the  most  Important  bridges  erected 
during  the  last  nve  veers,  under  the  direction  of  the  late  Mr.  Brunei,  Sir  W.  Cubits,  Mr.  Hawk- 
•haw,  Mr.  Page,  Mr.  Fowler.  Mr.  Hemana,  and  others  among  oar  saoot  eminent  engineers,  are 
drawn  and  speeffied  in  great  detail."- 


8  CROSBY  LOCKWOOD  &■  SON'S  CATALOGUE. 

MR.  HUMBER'S  BREAT  WORK  OR  MODERN  EHBINEERIHB. 

Complete  In  Four  Volnruet,  Imperii!  410,  price  £11  in,  half-morocco.    Bach 
Vol  omit  •old  eepuately  H  follow* : — 
A  RECORD  OP  THE  PROGRESS  OP  MODERN  ENGINEER- 
ING.   Fimt  Sum.     Comprint  Civil,  Mechanical,  Marine,  Hjdr.^ie. 
Railway  Bridge,  and  other  Engineering  Work*,  Ac    Br  William  Humn, 
A-M.Inat.C.E.,  Ac    Imp.  ilo.wiili  36  Double  Plate*,  drawn  to  a  largo  Kale, 
Photoinephic  Porrrail  of  John  Hawluhaw,  C.E..  F.R.S..&C,  and  copiooi 
dBKripiive  Lelterpre**,  Specihcationi,  etc.,  £3  il  haU-nioroccu. 
Lilt  of  tMt  Plata  and  Diagram*. 

ftokt-ti    Sortlipon  TWIe'ptatei);  victort.      [    M;    Ara™Pi™:    Sii)^^!^, 
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MR.  HUHBER'S  ENGINEERING  B00K8-«mti*ued. 
Strains,  Calculation  of. 

A  HANDY  BOOK  FOR  THE  CALCULATION  OF  STRAINS 
IN  GIRDERS  AND  SIMILAR  STRUCTURES,  AND  THEIR  STRENGTH. 
Consisting  of  Formula  and  Corresponding  Diagrams,  with  numerous  details 
for  Practical  Application,  &c.  By  William  humbbr,  A-M.Inst.C.E.,  Ac. 
Fourth  Edition.    Crown  8vo,  nearly  100  Woodcuts  and  3  Plates,  71.  61  cloth 

"  The  formulae  are  needy  expressed,  and  the  diagrams  good."— Athenmsm. 

"  We  hearth*  commend  this  really  *«*»*>  book  to  ow  engineer  and  architect  readers.''— *«r> 
Ush  Mechanic 

Bartow's  Strengthof  Materials,  enlarged  byHumber 

A  TREATISE  ON  THE  STRENGTH  OF  MATERIALS; 
with  Rules  for  Application  in  Architecture,  the  Construction  of  Suspension 
Bridges,  Railways,  Ac.  By  Pbtbr  Barlow.  F.R.S.  A  New  Edition,  revised 
by  his  Sons,  P.  W.  Barlow,  F.R.S.,  and  W.  H.  Barlow,  F.R.S. ;  to  which 
are  added.  Experiments  by  Hodgkinson,  Fairbairn,  and  Kirxaldy  ;  and 
Formula!  tor  Calculating  Girders,  Ac.  Arranged  and  Edited  by  W.  Humbbr, 
A-M.Inst.CB.  Demy  8vo,  400  pp.,  with  19  large  Plates  and  numerous  Wood- 
cuts, x8s.  cloth. 

M  Valuable  alike  to  the  student,  tyro,  and  the  experienced  practitioner.  It  will  always  rank  m 
future,  as  It  has  hitherto  done,  as  the  standard  treatise  on  that  particular  subject.  "—Engineer. 

M  There  Is  no  greater  authority  than  Barlow."— Building  News. 

'*  As  a  scientific  work  of  the  first  class,  it  deserves  a  foremost  place  on  the  bookshelves  of  every 
civil  engineer  and  practical  mechanic."— English  Mechanic. 


Trigonometrical  Surveying* 

AN  OUTLINE  OF  THE  METHOD  OF  CONDUCTING  A 
TRIGONOMETRICAL  SURVEY,  for  the  Formation  of  Geographical  and 
Topographical  Maps  and  Plant,  Military  Reconnaissance,  Levelling,  eve.,  with 
Useful  Problems,  Formulas,  and  Tables.  By  Lieut-General  Fromb,  R.E. 
Fourth  Edition,  Revised  and  partly  Re- written  by  Major  General  Sir  Charlbs 
Warrbn,  G.C.M.G.,  R.B.  With  19  Plates  and  1x5  Woodcuts,  royal  8vo,  161. 
cloth. 

"  The  simple  nict  that  a  fourth  edWon  hM  been  called  for  Is  the  beat  tiHinmij  to  tts  mi  Us. 
No  words  of  praise  from  us  can  strengthen  the  position  so  well  and  so  steadily  maintamed  by  this 
work.  Sir  Charles  Warren  has  revised  the  entire  work,  and  made  such  additions  as  were  necessary 
to  bring  every  portion  of  the  contents  up  to  the  present  date."— Bremd  Arrem. 

Field  Fortification* 

A  TREATISE  ON  FIELD  FORTIFICATION,  THE  ATTACK 
OF  FORTRESSES,  MILITARY  MINING,  AND  RECONNOITRING.  By 
Colonel  I.  S.  Macau  lay,  late  Professor  of  Fortification  in  the  R.M.A.,  Wool- 
wich.   Sixth  Edition,  crown  8vo,  cloth,  with  separate  Atlas  of  za  Plates,  12s. 

Oblique  Bridges. 

A  PRACTICAL  AND  THEORETICAL  ESSAY  ON  OBLIQUE 
BRIDGES.  With  13  large  Plates.  By  the  late  Gboros  Watson  Buck. 
M.I.C.B.  Third  Edition,  revised  by  his  Son,  J.  H.  Watson  Buck,  M.I.C.B. ; 
and  with  the  addition  of  Description  to  Diagrams  tor  Facilitating  the  Con- 
struction of  Oblique  Bridges,  by  W.  H.  Barlow,  M.I.C.E.  Royal  8vo,  xas. 
cloth. 

••  The  standard  text-book  for  all  engineers  reirardlng  skew  arches  is  Mr.  Buck's  treatise,  and  it 
would  be  impossible  to  consult  a  better. — Engineer. 

"Mr.  Buck's  treatise  is  recognised  as  a  standard  textbook,  and  his  treatment  has  dtrastsd  the 
subject  of  many  of  the  intricacies  supposed  to  belong  to  it.  As  a  guide  to  the  engineer  and  arcsnV 
tect.  on  a  confessedly  difficult  subject.  Mr.  Buck1*  work  is  unsurpassed.''— Building  News. 

Water  Storage,  Conveyance  and  Utilisation. 

WA  TER  ENGINEERING  :  A  Practical  Treatise  on  the  Measure- 
ment, Storage,  Conveyance  and  Utilisation  of  Water  for  the  Supply  of  Towns, 
for  Mill  Power,  and  for  other  Purposes.  By  Charlbs  Slaoo,  Water  and 
Drainage  Engineer,  A.M.Inst.C.E.,  Author  of  "  Sanitary  Work  in  the  Smaller 
Towns,  and  in  Villages,"  Ac  With  numerous  II lusts.  Cr.  8vo,  7s.  64.  cloth. 
"  As  a  small  practical  treatise  on  the  water  bupph?  of  towns,  and  on  some  applications  of 
water-power,  the  work  is  in  many  respects  excellent.' —Engineering. 

"  The  author  has  collated  the  results  deduced  from  the  experiments  of  the  most  eminent 
authorities,  and  has  presented  them  in  a  compact  and  practical  form,  accompanied  by  vary  clear 
and  detailed  explanations.  .  .  .  The  application  of  water  as  a  motive  power  is  treated  very 
efuUy  and  exhaustively.-— Builder. 


"For  anyone  who  desire*  to  •  egin  the  study  of  hydraulics  with  a  consideration  of  the  practical 
applications  of  the  science  tl^rt  U  no  better  guide."— Architect. 
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Statics,  Graphic  and  Analytic. 

GRA  PHIC  AND  ANAL  YTIC  ST  A  TICS,  in  their  Practical  Appli- 
cation to  the  Treatment  cf  Stresses  in  Roofs,  Sedid  Girders,  Lottie*,  Bowstring 
and  Suspension  Bridges,  Braced  Iron  Arches  and  Piers,  and  other  Frameworks. 
By  R.  Hudson  Graham,  C.E.  Containing  Diagrams  and  Plates  to  Scale. 
With  numerous  Examples,  many  taken  from  existing  Structures.  Specially 
arranged  for  Class-work  in  Colleges  and  Universities.  Second  Edition,  Re- 
vised and  Enlarged.  8vo,  16s.  clotb. 
"  Mr.  Graham's  book  will  find  a  place  wherever  graphic  and  analytic  statics  are  need  or  studied." 

— Engineer. 

"  The  work  is  excellent  from  a  practical  point  of  view,  and  hat  evidently  been  prepared  with 

ranch  care.    The  directions  for  working'  are  ample,  and  are  illustrated  by  an  abundance  of  weft. 

•elected  examples.    It  is  an  excellent  text-book  for  the  practical  A**  ■f'T—* — ***— — .— 

Student's  Text-Book  on  Surveying. 

PRACTICAL  SURVEYING  :  A  Text-Book  for  Students  pre- 
paring  for  Examination  or  for  Survey-work  in  the  Colonies.  By  George 
W.  Usill,  A.M.I. CE.,  Author  of  "The  Statistics  of  the  Water  Supply  of 
Great  Britain."  With  Four  Lithographic  Plates  and  upwards  of  330  Illustra- 
tions.   Second  Edition,  Revised.    Crown  8vo,  7s.  64.  cloth. 

*'  The  best  forms  of  instruments  are  described  as  to  their  construction,  uses  and  modes  of 
employment,  and  there  are  innumerable  hints  on  work  and  equipment  such  as  the  author,  in  his 
experience  as  surveyor,  draughtsman  and  teacher,  has  found  necessary,  and  which  the  student 
in  his  inexperience  will  find  most  serviceable."— Engineer. 

"  The  latest  treatise  in  the  English  language  on  surveying,  and  we  have  no  hesitation  in  say- 
ing that    the  student  will  find  it  a   better   guide  than  any   of  its  predecessors  .... 
Deserves  to  be  recognised  as  th*  first  book  which  should  be  put  in  the  bands  of  a  pnpfl  of  Civil 
Engineering,  and  every  gentleman  of  education  who  sets  out  for  the  Colonies  would  find  it  well  to 
have  a  copy."— Architect. 

"  A  very  useful,  practical  handbook  on  field  practice.  Clear,  accurate  and  not  too  00a 
densed."— journal  qf  Education. 

Survey  Practice. 

AID  TO  SURVEY  PRACTICE,  for  Reference  in  Surveying,  Level- 
ling, and  Setting-out ;  and  in  Route  Surveys  of  Travellers  by  Land  and  Sea. 
With  Tables,  Illustrations,  and  Records.  By  Lowis  D'A.  Jacksom, 
A.M.I.C.E.,  Author  of  "  Hydraulic  Manual,"  "  Modern  Metrology,"  &c. 
Second  Edition,  Enlarged.    Large  crown  8vo,  125. 64.  cloth. 

44  Mr.  Jackson  has  produced  a  valuable  vade-mecum  for  the  surveyor.  We  can  recommend 
this  book  as  containing  an  admirable  supplement  to  the  »*»*•>■»«£  of  the  accomplished  surveyor." — 
Athenaum. 

"  As  a  text-book  we  should  advise  all  surveyors  to  place  ft  in  their  libraries,  and  study  weD  the 
matured  instructions  afforded  in  its  pages."— Colliery  Guardian. 

"  The  author  brings  to  his  work  a  fortunate  union  of  theory  and  practical  experience  which, 
aided  by  a  clear  and  lucid  style  of  writing,  renders  the  book  a  very  useful  one,"— Builder. 

Surveying,  Land  and  Marine. 

LAND  AND  MARINE  SURVEYING,  in  Reference  to  the  Pre- 
paration of  Plans  for  Roads  and  Railways ;  Canals,  Rivers,  Towns*  Water 
Supplies;  Docks  and  Harbours.  With  Description  and  Use  of  Surveying 
Instruments.  By  W.  D.  Hasroll,  C.E.,  Author  of  "  Bridge  and  Viaduct  Con- 
struction," flee.  Second  Edition,  Revised,  with  Additions.  Large  cr.  8vo,  9s.  cl. 

"  This  book  must  prove  of  great  value  to  the  student.  We  have  no  hesitation  in  recommend- 
ing it,  feeling  assured  that  it  will  more  than  repay  a  careful  study."— Mechanical  World. 

"  A  most  useful  and  well  arranged  book  for  the  aid  of  a  student.  We  can  strongly  recommend 
It  as  a  carefully- written  and  valuable  text-book.  It  enjoys  a  well-deserved  repute  among  surveyors." 
—Builder.  . 

"  This  volume  cannot  fail  to  prove  of  the  utmost  practical  utility.  It  may  be  safely  recommended 
to  all  students  who  aspire  to  become  clean  and  expert  surveyors."— JWni ng  Journal, 

Tunnelling. 

PR  A  CTICA  L  TUNNELLING.  Explaining  in  detail  the  Setting- 
out  of  the  works,  Shaft-sinking  and  Heading-driving,  Ranging  the  Lines  and 
Levelling  underground,  Sub-excavating,  Timbering,  and  the  Construction 
of  the  Brickwork  ot  Tunnels,  with  the  amount  of  Labour  required  for,  and  the 
Cost  of,  the  various  portions  of  the  work.  By  Frederick  W.  Sim ms,  F.G.S., 
M.Inst.  C.E.  Third  Edition,  Revised  and  Extended  by  D.  Kin  near  Clark, 
M.Inst. C.E.  Imperial  8vo,  with  ax  Folding  Plates  and  numerous  Wood 
Engravings,  30*.  cloth. 

"The  estimation  In  which  Mr.  Stmms*s  book  on  tunnelling  has  been  held  for  ever  thirty  years 
cannot  be  more  truly  expressed  than  in  the  words  of  the  late  Prof.  Rankine :— '  The  best  source  of  In- 
formation on  the  subject  of  tunnels  is  Mr.F.W.Slmms's  w«»rk  on  Practical  Tunnelling.'  "—Architect. 
"  It  has  been  refunded  from  the  first  a«  a  text  book  of  the  subject.  .  .  .  Mr.  Clarke  has  added 
imnMenbcly  to  the  value  of  the  book." — Engineer, 
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Levelling. 

A  TREATISE  ON  THE  PRINCIPLES  AND  PRACTICE  OP 
LEVELLING.  Showing  its  Application  to  purposes  of  Railway  and  Civil 
Engineering,  in  the  Construction  of  Roads:  with  Mr.  Telford' 8  Rales  for  the 
same.  By  Frederick  W.  Simms, F.G.S.,  M.Inst.C.E.  Seventh  Edition,  with 
the  addition  of  Law's  Practical  Examples  for  Setting-out  Railway  Curves,  and 
Tbautwinb's  Field  Practice  of  Laying-out  Circular  Curves,  with  7  Plates 
and  numerous  Woodcuts,  8vo,  8s.  64.  cloth.  *»*  Trautwinb  on  Curves 
may  be  had  separate,  55. 

"  The  test-book  on  levelling  in  most  of  oar  engineering  schools  and  oollegW— Bngintar. 

"  The  publishers  have  rendered  a  substantial  service  to  the  profession,  especially  to  the  younger 
members,  by  bringing  out  the  present  edition  of  Mr.  Simms '•  useful  work."— Engineering, 

Heat,  Expansion  by. 

EXPANSION  OF  STRUCTURES  BY  HEAT.  By  John 
Kbily,  C.E.,  late  of  the  Indian  Public  Works  and  Victorian  Railway  Depart- 
ments.   Crown  8vo,  34.  64.  cloth. 

Summary  or  Contents. 

Section     I.  Formulas  and  Data,  Section     VI.  Mechanical  Force  or 
Section  II.  Metal  Bars.  Heat. 

Section  HI.  Simple  Frames.  Section  VII.  Wore    or    Expansion 
Section  IV.  Complex    Frames    and  and  Contraction. 

Plates.  Section  VIII.  Suspension  Bridges. 

Section   V.  Thermal  Conductivity.  Section    IX.  Masonry  Structures. 


"  The  aim  the  author  has  set  before  him,  viz.,  to  show  the  effects  of  heat  upon  metallic 
other  structures,  is  a  laudable  one,  for  this  is  a  branch  of  physics  upon  which  the  wigjneer  or  archi- 


tect can  find  but  little  reliable  and  comprehensive  data  in  books."— BuiUer. 

"  Whoever  is  concerned  to  know  the  effect  of  changes  of  temperature  on  such  structures  as 
suspension  bridges  and  the  like,  could  not  do  better  than  consult  Mr.  Kelly's  valuable  and  hand* 
exposition  of  the  geometrical  principles  involved  in  these  changes."—£artr»MK. 

Practical  Mathematics. 

MATHEMATICS  FOR  PRACTICAL  MEN:  Being  a  Common- 
place Book  of  Pure  and  Mixed  Mathematics.  Designed  chiefly  for  the  use 
of  Civil  Engineers,  Architects  and  Surveyors.  By  Olinthus  Gregory, 
LL.D.,  F.R.A.S.,  Enlarged  by  Henry  Law.  C.E.  4th  Edition,  carefully 
Revised  by  J.  R.  You  no,  formerly  Professor  of  Mathematics,  Belfast  College. 
With  13  Plates,  8vo,  £1  is.  cloth. 
"1  Tbe^engineer  or  architect  will  here  find  ready  to  his  hand  rules  for  solving  nearly  every  snathe^ 


mistical  difficulty  that  may  arise  in  his  practice     The  rules  are  in  all  cases  explained  by  means  of 
examples,  in  which  every  step  of  the  process  is  clearly  worked  out."— Builder. 

"  One  of  the  most  serviceable  books  for  practical  mechanics.  .  .  It  is  an  Instructive  book  for 
the  student,  and  a  text-book  for  nun  who,  having  once  mastered  the  subjects  it  treats  of.  needs 
occasionally  to  refresh  his  memory  upon  ttmn.m—BuUd4nf  Aewt. 

Hydraulic  Tables. 

HYDRAULIC  TABLES,  CO-EFFICIENTS, and  FORMULAE 

for  finding  the  Discharge  of  Water  from  Orifices,  Notches,  Weirs,  Pip**?  tmd 

Riven,    With  New  Formula,  Tables,  and  General  Information  on  Rainfall, 

Catchment-Basins,  Drainage,  Sewerage.  Water  Supply  for  Towns  and  Mill 

Power.    By  John  Neville,  Civil  Engineer,  M.R.I.A.    Third  Ed.,  carefully 

Revised,  with  considerable  Additions.   Numerous  Ulusts.    Cr.  8vo,  141.  cloth. 

"  Alike  valutble  to  students  and  engineers  in  practice ;  its  study  will  prevent  the  annoyance  of 

avoidable  failures,  and  assist  them  to  select  the  readiest  means  of  successfully  carrying  out  any 

given  work  connected  with  hydraulic  engineering."— Mining  Journal. 

"  It  is,  of  all  English  booics  on  the  subject,  the  one  nearest  to  completeness.  .  .  .  From  the 
good  arrangement  of  the  matter,  the  clear  explanations,  and  abundance  of  formulae,  the  carefully 
calculated  tables,  and,  above  all,  the  thorough,  acquaintance  with  both  theory  and  construction, 
which  is  displayed  from  first  to  last,  the  book  w    be  found  to  be  an  wn*in\tMnnr—Arck4ua. 

Hydraulics. 

HYDRA  ULIC  MANUAL.    Consisting  of  Working  Tables  and 
Explanatory  Text.    Intended  as  a  Guide  in  Hydraulic  Calculations  and  Field 
Operations.    By  Lowis  D'A.  Jackson,  Author  of  "  Aid  to  Survey  Practice," 
"Modern  Metrology,"  Ac.    Fourth  Edition,  Enlarged.    Large  cr.  8vo,  x6s.  cl. 
"  The  author  has  had  a  wide  experience  in  hydraulic  engineering  and  has  been  a  careful  ob- 
server of  the  facts  which  have  come  under  his  notice,  and  from  the  great  mass  of  material  at  bis 
command  he  has  constructed  a  manual  which  miv  be  accepted  as  a  trustworthy  gnldeto  this 
branch  of  the  engineer's  pro'e»sion.    We  can  heartily  recommend  this  volume  to  all  who  desire  to 
be  acquainted  with  the  latest  rievelooment  of  this  important  subject." — Engineering. 
M  The  standard- work  ui  this  department  of  mechnuica.' —  Suns  man. 

"The  most  useful  feature  of  wis  work;  is  Its  treeoom  from  what  Is  superannuated,  and  Ms 
thorough  adoption  of  recent  experiments  { the  test  fat,  in  met,  in  great  pert  a  short  account  of  the 
Crest  modern  oqwriments.''— Naturt.j 
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Drainage. 

ON  THE  DRAINAGE  OP  LANDS,  TOWNS  AND  BUILD 
JNGS.  By  G.  D.  Dempsey,  C.E.,  Author  of  "  The  Practical  Railway  En 
gineer,"  Ac.  Revised,  with  large  Additions  on  Recent  Practice  in 
Drainage  Engineering,  by  D.  Kinnbar  Clare,  M.lnst.C.E.  Author  of 
44  Tramways :  Their  Construction  and  Working,"  "  A  Manual  of  Rules,  Tables, 
and  Data  for  Mechanical  Engineers."  &c  Ac    Crown  8vo,  7s.  6d.  cloth. 

"  The  new  matter  added  to  Mr.  Dempsey's  excellent  work  is  characterised  by  the  compreheB* 
KtTe  grasp  and  accuracy  of  detail  for  which  the  name  of  Mr.  D.  K.  Clark  is  a  sufficient  voucher."— 

"  As  a  work  on  recent  practice  In  drainage  engineering,  the  book  is  to  be  commended  to  aQ 
who  are  making  that  branch  of  engineering  science  their  special  study." — /rwi. 

"  A  comprehensive  manual  on  drainage  engineering,  and  a  useful  introduction  to  the  student." 
Building  News. 

Tramway*  and  their  Working* 

TRAMWAYS:  THEIR  CONSTRUCTION  AND  WORKING 
Embracing  a  Comprehensive  History  of  the  System :  with  an  exhaustive 
Analysis  of  the  various  Modes  of  Traction,  including  Horse-Power,  Steam, 
Heated  Water,  and  Compressed  Air ;  a  Description  of  the  Varieties  of  Rolling 
Stock:  and  ample  Details  of  Cost  and  Working  Expenses:  the  Progress 
recently  made  in  Tramway  Construction,  Ac.  Ac.  By  D.  Kinnear  Glare, 
M.lnst.C.E.  With  over  900  Wood  Engravings,  and  13  Folding  Plates.  Two 
Vols.,  large  crown  8vo,  30s.  cloth. 

"  All  interested  in  tramways  must  refer  to  H,  as  all  raOwty  engineers  bare  tamed  to  the  author's 
work  '  Railway  Machinery.'"— Engfnttr. 

"  An  exhaustive  and  practical  work  on  tramways.  In  which  the  history  of  this  kmd  of  locomo- 
tion, and  a  description  and  cost  of  the  various  modes  of  laying  tramways,  are  to  be  found."— 
B*Udt*e  News. 

"The  best  form  of  rails,  the  best  mode  of  construction,  and  the  best  mechanical  appliances 
are  so  fairly  indicated  in  the  work  under  review,  that  any  engineer  about  to  construct  a  tramway 
will  be  enabled  at  once  to  obtain  the  practical  information  which  win  be  of  most  service  to  him.'— 

Oblique  Arches. 

A  PRACTICAL  TREATISE  ON  THE  CONSTRUCTION  OP 
OBLWUB  ARCHES.  By  John  Hart.  Third  Edition,  with  Plates.  Im- 
perial 8vo,  8s.  cloth. 

Curves,  Tables  far  Setting-out* 

TABLES  OP  TANGENTIAL  ANGLES  AND  MULTIPLES 
for  Setting-out  Curvet  from  3  to  200  Radius.     By  Alexander  Beaeeley, 
M.InstC.E.    Third  Edition.    Printed  on  48  Cards,  and  sold  in  a  cloth  boa, 
waistcoat-pocket  size,  35.  6d. 
"  Each  table  is  printed  on  a  small  card,  which,  being  placed  on  the  theodolite,  leaves  the  hands 

free  to  manipulate  the  instrument— no  small  advantage  as  regards  the  rapidity  of  work."— £fqg  6m*t. 
"  Very  bandy ;  a  man  may  know  that  all  his  day's  work  must  fit  on  two  of  these  cards,  which 

he  puts  into  his  own  card-case,  and  leaves  the  rest  behind."— AOmuntm. 

Earthwork. 

EARTHWORK  TABLES.  Showing  the  Contents  in  Cnbic 
Yards  of  Embankments,  Cuttings,  Ate.,  of  Heights  or  Depths  up  to  an  average 
of  80  feet  By  Joseph  Broadbent,  C.E.,  and  Francis  Campin,  C.E.  Crown 
8vo,  5s.  cloth. 

"  The  way  in  which  accuracy  is  attained,  by  a  simple  division  ot  each  crow  section  into  three 
el  ments,  two  in  which  are  constant  and  one  variable,  is  ingenious."— AtAetutum. 

Tunnel  Shafts. 

THE  CONSTRUCTION  OF  LARGE  TUNNEL  SHAFTS:  A 
Practical  and   Theoretical  Essay.      By  J.  H.  Watson  Buck,  M.InstC.E  , 
Resident  Engineer,  London  and  North- Western  Railway.    Illustrated  with 
Folding  Plates,  royal  8vo,  12s.  cloth. 

"  Many  of  the  methods  given  are  of  extreme  practical  value  to  the  mason ;  and  the  observations 

on  the  form  of  arch,  the  rules  for  ordering  the  stone,  and  the  construction  of  the  templates  will  be 

found  of  considerable  use.  We  commend  the  book  to  the  engineering  profession.'*— i^mWeqr  Jv>sm. 

*'  WUl  be  regarded  by  civil  engineers  as  of  the  utmost  value,  and  *•»»«•« *»—*  to  save  much  tune 

and  obviate  many  mistakes." — CUtUry  Guardian. 

Girders,  Strength  of. 

GRAPHIC  TABLE  FOR  FACILITATING  THE  COMPUTA- 
TION OF  THE  WEIGHTS  OF  WROUGHT  IRON  AND  STEEL 
GIRDERS,  etc.,  for  Parliamentary  and  other  Estimate*.  By  J.  H.  Watson 
Buce,  M.Inst.C.E.    On  a  Sheet  as.W. 
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River  Engineering. 

RIVER  BARS:  The  Causes  of  their  Formation,  and  their  Treat- 
ment by  "  Induced  Tidal  Scour; "  with  a  Description  of  the  Successful  Re- 
duction by  this  Method  of  the  Bar  at  Dublin.    By  I.  I.  Mann,  Assist.  Eng. 
to  the  Dublin  Port  and  Docks  Board.    Royal  8vo,  7s.  6d.  cloth. 
*'  We  recommend  all  interested  in  harbour  works— and.  indeed,  those  concerned  In  the  im- 
provements of  rivers  generally— to  read  Mr.  Mann's  interesting  work  on  the  treatment  of  river 
bait."— Engineer. 

Trusses, 

TRUSSES  OF  WOOD  AND  IRON.  Practical  Applications  of 
Science  in  Determining  the  Stresses,  Breaking  Weights,  Safe  Loads,  Scantlings, 
and  Details  of  Construction,  with  Complete  Working  Drawings.  By  William 
Griffiths,  Surveyor,  Assistant  Master.  Tranmere  School  of  Science  and 
Art.    Oblong  8vo,  4s.  6d.  cloth. 

M  This  handy  little  book  enters  so  minutely  into  every  detail  connected  with  the  construction  of 
roof  trusses,  that  no  student  need  be  ignorant  of  these  matters.  "—Practical  Engineer. 

Railway  Working. 

SAFE  RAILWAY  WORKING.  A  Treatise  on  Railway  Acci- 
dents: Their  Cause  and  Prevention;  with  a  Description  of  Modern  Appliances 
and  Systems.  By  Clement  B.  Strbtton,  C.E.,  Vice-President  and  Con- 
sulting Engineer,  Amalgamated  Society  of  Railway  Servants.  With  Illus- 
trations ana  Coloured  Plates.  Second  Edition,  Enlarged.  Crown  8vo,  «.  64. 
cloth.  [Just  published. 

"  A  book  for  the  engineer,  the  directors,  the  managers ;  and.  In  short,  all  who  wish  for  informa- 
tion on  railway  matters  will  find  a  perfect  encyclopaedia  in  *  Safe  Railway  Working.  "— Railway 
Review. 

"  We  commend  the  remarks  on  railway  signalling  to  all  railway  managers,  especially  where  a 
uniform  code  and  practice  is  advocated."— HerepatfCe  Railway  Journal. 

"The  author  maybe  congratulated  on  having  collected,  in  a  very  convenient  form,  much 
valuable  information  on  the  principal  questions  affecting  the  safe  working  of  railways."— Rail- 
——iy  Engineer. 


Field-Book  for  Engineers. 

THE  ENGINEER'S,  MINING  SURVEYOR'S,  AND  CON- 
TRA  CTOR  *S  FIELD-BOOK.  Consisting  of  a  Series  of  Tables,  with  Rules. 
Explanations  of  Systems,  and  use  of  Theodolite  for  Traverse  Surveying  and 
Plotting  the  Work  with  minute  accuracy  by  means  of  Straight  Edge  and  Set 
Square  only ;  Levelling  with  the  Theodolite,  Casting-out  and  Reducing 
Levels  to  DatumLand  Plotting  Sections  in  the  ordinary  manner ;  setting-out 
Curves  with  the  Theodolite  by  Tangential  Angles  and  Multiples,  with  Right 
and  Left-hand  Readings  of  the  Instrument:  Setting-out  Curves  without 
Theodolite,  on  the  System  of  Tangential  Angles  by  sets  of  Tangents  and  Off- 
sets :  and  Earthwork  Tables  to  80  feet  deep,  calculated  for  every  6  inches  in 
depth.  By  W.  Davis  Haskoll,  C.E.  With  numerous  Woodcuts.  Fourth 
Edition,  Enlarged.    Crown  8vo,  12s.  cloth. 

"The  book  b  very  handy;  the  separate  tables  of  sines  and  tangents  to  every  minute  wO  make 
It  useful  for  many  other  purposes,  the  genuine  traverse  tables  existing  all  the  same."--.** 6%cn«M»r. 


Every  person  engaged  in  engineering  field  operations  wffl  estimate  the  importance  of  such  a 
work  and  the  amount  of  valuable  time  which  will  be  saved  by  reference  to  a  set  of  reliable  tables 
prepared  with  the  accuracy  and  fnlness  of  those  given  in  this  volume."— £otfe*v  News. 

Earthwork,  Measurement  of. 

A  MANUAL  ON  EARTHWORK.    By  Albx.  J.  S.  Graham, 
C.E.    With  numerous  Diagrams.    Second  Edition.    i8mo,  as.  64.  cloth 
"  A  great  amount  of  practical  information,  very  admirably  arranged,  and  available  for  rough 
estimates,  as  well  as  lor  the  more  exact  *^'mlatt<M"e  required  in  the  engineer's  and  contractor's 

Strains  in  Ironwork* 

THE  STRAINS  ON  STRUCTURES  OF  IRONWORK;  with 
Practical  Remarks  on  Iron  Construction.     By  P.  W.  Sheilds,  M.Inst  .C.E, 
Second  Edition,  with  5  Plates.    Royal  8vo,  5*.  cloth. 
The  student  cannot  find  a  better  fittle  book  on  this  subject"— Engineer. 

Cast  Iron  and  other  Metals,  Strength  of. 

A  PRACTICAL  ESSAY  ON  THE  STRENGTH  OF  CAST 
IRON  AND  OTHER  METALS.  By  Thomas  Tredoold,  C.E.  Pifth 
Edition,  including  Hodoeinson's  Experimental  Researches.    8vo,  us.  clotb. 
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Construction. 

THE  SCIENCE  OP  BUILDING  :   An  Elementary  Treatise  on 
the  Principles  of  Construction.     By  B.  Wymdham  Tarn,  M.A*,  Architect. 
Third  Edition,  Enlarged,  with  59  Engravings.    Fcap.  8vo,  4s.  cloth. 
"  A  very  valuable  book,  which  wo  strongly  recommend  to  aO  students."— tuUder. 
"  No  architectural  cnidont  should  bo  without  this  handbook.  -  Artkiua. 

Villa  Architecture* 

A  HANDY  BOOK  OP  VILLA  ARCHITECTURE :  Bern*  a 
Series  of  Designs  for  Villa  Residences  m  various  Styles.  With  Ontline 
Specifications  and  Estimates.  By  C.  Wicees,  Author  of  "The  Spires  and 
Towers  of  England,"  Ac.  61  Plates,  *to,  £1  us.  64.  half-morocco,  jolt  edges. 
N  The  whole  of  the  designs  beer  evidence  of  their  being  too  work  of  an  artistic  arcfntecc,  and 
Ihey  win  prove  very  valuable  and  suggestive."— 4M«Y4fttf-  Aisw. 

Text-Book  for  Architects. 

THE  ARCHITECT'S  GUIDE:  Being  a  Text-Booh  of  Useful 
Information  for  Architects,  Engineers,  Surveyors,  Contractors,  Clerks  of 
Works,  &c.  &c.  By  Frederick  Rogers,  Architect,  Author  of  "  Specifica- 
tions for  Practical  Architecture,"  Ac  Second  Edition,  Revised  and  Enlarged. 
With  numerous  Illustrations.    Crown  8vo,  6s.  cloth. 

"As  a  text-book  of  useful  information  for  architects,  engineers,  surveyors,  &c*  it  would  be 
hard  to  find  a  handier  or  more  complete  little  volume."— Standard. 

"A  young  architect  could  hardly  have  a  better  guide-book."—  Timber  Trmdts  Jburnml. 

Taylor  and  Cresy's  Borne. 

THE  ARCHITECTURAL  ANTIQUITIES  OP  ROME.    By 
the  late  G.  L.Taylor,  Esq.,  F.R.I. B.A.,  and  Edward  Crssy,  Esq.    New 
Edition,  thoroughly  Revised  by  the  Rev.  Alexander  Taylor,  M.A.  (son  of 
the  late  G.  L.  Taylor,  Esq.),  Fellow  of  Queen's  College,  Oxford,  and  Chap- 
lain of  Gray's  Inn.    Large  folio,  with  13c  Plates,  halt-bound,  £3  32. 
"  Taylor  and  Cresy's  work  has  tram  Its  first  pubttcatton  been  ranked  among  enow  profcaiiunal 
books  which  cannot  be  bettered.    ...    It  would  be  difficult  to  find  examples  of  drawings*  even 
among  those  of  the  most  painstaking  students  of  Gothic,  more  thoroughly  worked  out  than  are  the 
one  hundred  and  thirty  plates  in  this  volume."— ^4  rdUAvz, 

Linear  Perspective. 

ARCHITECTURAL  PERSPECTIVE :  The  whole  Course  and 
Operations  of  the  Draughtsman  in  Drawing  a  Large  House  in  Linear  Per- 
spective. Illustrated  by  39  Folding  Plates.  By  F.  O.  Ferguson.  Demy 
8vo,  3s.  64.  boards.  U*st  published. 

Architectural  Drawing. 

PRACTICAL  RULES  ON  DRA  WING,  for  the  Operative  Builder 
and  Young  Student  in  Architecture.  By  George  Pynb.  With  24  Plates,  4to, 
7s.  64.  boards. 

Sir  Wm.  Chambers  on  Civil  Architecture. 

THE  DECORATIVE  PART  OP  CIVIL  ARCHITECTURE. 
By  Sir  William  Chambers,  F.R.S.  With  Portrait,  Illustrations,  Notes,  and 
an  Examination  of  Grecian  Architecture,  by  Joseph  Gwtlt,  F.S.A.  Revised 
and  Edited  by  W.  H.  Leeds,  with  a  Memoir  of  the  Author.  66  Plates,  410, 
sxs.  cloth. 

House  Building  and  Repairing. 

THE  HOUSE-OWNER'S  ESTIMATOR ;  or,  What  will  it  Cost 
to  Build,  Alter,  or  Repair  ?  A  Price  Book  adapted  to  the  Use  of  Unpro- 
fessional People,  as  well  as  for  the  Architectural  Surveyor  and  Builder.  By 
James  D.  Simon.  A.R.I.B.A.  Edited  and  Revised  by  Francis  T.  W.  Miller, 
A.R.I.B.A.  With  numerous  Illustrations.  Fourth  Edition,  Revised.  Crown 
8vo,  3s.  6d.  cloth. 
"  In  two  years  It  wiO  repay  Its  cost  a  hundred  times  over."— FUU. 

Cottages  and  Villas. 

COUNTRY  AND  SUBURBAN  COTTAGES  AND  VILLAS: 
How  to  Plan  and  Build  Them.  Containing  33  Plates,  with  Introduction, 
General  Explanations,  and  Description  of  each  Plate.  By  Jambs  W.  Bogus, 
Architect,  Author  of  "  Domestic  Architecture,"  &c.    4to,  10s.  64.  cloth. 
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The  New  Builder's  Trice  Book,  1891. 

LOCKWOODS  BUILDER'S  PRICE  BOOK  FOR  1891.  A 
Comprehensive  Handbook  of  the  Latest  Prices  and  Data  for  Builders, 
Architects,  Engineers  and  Contractors.  Re-constructed,  Re- written  and 
Greatly  Enlarged.  By  Francis  T.  W.  Miller.  640  closely-printed  pages, 
crown  bvo,  41.  cloth.  [?«*'  published. 

"  This  book  it  a  very  useful  one,  and  should  find  a  place  In  every  En^Kih  office  connected  with 
the  buudmgand  engineering  proft  scions."— Industries. 

"This  nice  Book  has  been  set  up  in  new  type.  .  .  .  Advantage  has  been  taken  of  the 
transformation  to  add  much  additional  Information,  and  the  vohune  u  now  an  excellent  book  of 
reference.  "—Architect. 

"  In  its  new  and  revised  form  this  Price  Book  is  what  a  work  of  this  k'nd  should  be—  compre- 
hensive, reliable,  well  arranged,  legible  and  well  b  >uud.'  —British  Architect, 
"A  work  of  establisnedrepuiadon.''— Athetutum. 

"  This  very  useful  handbook  is  well  written,  exceedingly  clear  in  hs  explanations  and  grca 
care  has  evidently  been  taken  to  ensure  accuracy. "—Mot  ning  Advertiser 

Designing,  Measuring,  and  Valuing. 

THE  STUDENTS  GUIDE  to  the  PRACTICE  of  MEASUR- 
ING AND  VALUING  ARTIFICERS'  WORKS.  Containing  Directions  for 
taking  Dimensions,  Abstracting  the  same,  and  bringing  the  Quantities  into 
Bill,  with  Tables  of  ConstantsTor  Valuation  of  Labour,  and  for  the  Calcula- 
tion of  Areas  and  Solidities.  Originally  edited  by  Edward  Dobson,  Architect. 
With  Additions  on  Mensuration  and  Construction,  and  a  New  Chapter  on 
Dilapidations,  Repairs,  and  Contractf,  by  B.  Wyndham  Tarn.  M.A.  Sixth 
Edition,  including  a  Complete  Form  of  a  Bill  of  Quantities.  With  8  Plates  and 
63  Woodcuts.    Crown  8vo,  7s.  6d.  cloth. 

H  well  fulfils  the  promise  of  its  title-page,  and  we  can  thoroughly  recommend  it  to  the  class 
for  whose  use  it  has  been  compiled.  Mr.  Tarn's  additions  and  revisions  have  much  increased  the 
usefulness  of  the  work,  and  have  especially  augmented  its  value  to  students. "— Bnjrtneerinti. 

"  This  edition  wiO  be  found  the  most  complete  treatise  on  the  principles  of  measuring  sod 
valuing  artificers'  work  that  has  yet  been  published,  "--ifettritisr  Aews. 

Pocket  Estimator  and  Technical  Guide. 

THE  POCKET  TECHNICAL  GUIDE,  MEASURER  AND 
ESTIMATOR  FOR  BUILDERS  AND  SURVEYORS.  Containing  Tech- 
nical Directions  for  Measuring  Work  in  all  the  Building  Trades,  Complete 
Specifications  for  Houses,  Roads,  and  Drains,  and  an  easy  Method  of  Estimat- 
ing the  parts  of  a  Building  collectively.  By  A.  C.  Beaton,  Author  of 
"  Quantities  and  Measurements,"  &c  Fifth  Edition.  With  53  Woodcuts, 
waistcoat-pocket  sire,  xs.  6d.  gilt  edges. 

'*  No  builder,  architect,  surveyor,  or  valuer  should  be  without  his '  Beaton.' '  —Building  News. 
"Contains  an  extraordinary  amount  of  information  in  daDy  requisition  In  measuring  and 
estimating.    Its  presence  in  the  pocket  will  sare  valuable  time  and  trouble.'  —Building  World, 

Donaldson  on  Specifications. 

THE  HANDBOOK  OF  SPECIFICATIONS;  or,  Practical 
Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder,  in  drawing  up 
Specifications  and  Contracts  for  Works  and  Constructions.  Illustrated  by 
Precedents  of  Buildings  actually  executed  by  eminent  Architects  and  En- 
gineers. By  Professor  T.  L.  Donaldson,  P.R.I.B.A.,  &c.  New  Edition,  in 
One  large  VoL,  8vo,  with  upwards  of  1,000  pages  of  Text,  and  33  Plates, 
£1  xxs.  6d.  cloth. 

** In  this  work  forty-four  specifications  of  executed  works  are  given,  tnclodmg  the  specifica- 
tions for  parts  of  the  new  Houses  of  Parliament,  by  Sir  Charles  Barry,  and  for  the  new  Royal 
Exchange,  by  Mr.  Tite,  M.P.  The  latter,  in  particular,  is  a  very  complete  and  remarkable 
document.  It  embodies,  to  a  great  extent,  as  Mr.  Donaldson  mentions,  'the  bill  of  quantities 
with  the  description  of  the  works.'  ...  It  b  valuable  as  a  record,  and  more  valuable  still  as  a 
book  of  precedents.  .  .  .  Suffice  It  to  say  that  Donaldson's  'Handbook  of  Specifications 
must  be  bought  by  all  architects."— Builder. 

Bartholomew  and  Rogers9  Specifications. 

SPECIFICATIONS  FOR  PRACTICAL    ARCHITECTURE. 

A  Guide  to  the  Architect,  Engineer,  Surveyor,  and  Builder.   With  an  Essay 

on  the  Structure  and  Science  of  Modern  Buildings.     Upon  the  Basis  of  the 

Work  by  Alfred  Bartholomew,  thoroughly  Revised,  Corrected,  and  greatly 

added  to  by  F redbrick  Rogers,  Architect.    Second  Edition,  Revised,  with 

Additions.    With  numerous  Illustrations,  medium  8vo,  15s.  cloth. 

u  The  collection  of  specifications  prepared  by  Mr.  Rogers  on  the  basis  of  Bartholomew's  work 

is  too  well  known  to  need  any  recommendation  from  us.    it  is  one  of  the  books  with  which  every 

young  architect  must  be  equipped  ;  for  time  has  shown  that  the  specifications  cannot  be  set  aside 
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Building  ;  Civil  and  Ecclesiastical. 

A  BOOK  ON  BUILDING,  Civil  **d  Ecdtuutieal,  including 
Church  Restoration ;  with  tbe  Theory  of  Domes  utd  the  Great  Pyramid,  *c. 
By  Sir  Bduuhd  Baci.  ,  F.R.A.S.,  Author  of  "Clack*  ud 

Watches,  and  Belli,"  Ac     Second  Edition,  Enlarged.      Feap.  Bvo,  si.  cloth. 

Ventilation  of  Buildings. 

VENTILATION.  A  Tixt  Book  to  thl  Practice  of  iht  Art  of 
VauUatMg  BuiUingi.  With  ■  Chapter  upon  Air  Toting.  By  W.P.Buctuh, 
R.P.,  Sanitary  and  Ventilating  Engineer.  Author  of  "  Plumbing,''  Ac  With 
ijo  Illustrations,    umo,  41.  cloth  board*.  |Jml  ( itnliikiJ. 

The  Art  of  Plumbing. 

PLUMBING.  A  Ttxt  Book  to  thi  Practia  of  tki  Art  or  Croft  of 
thi  plumbtr,  milk  Suppttmtntory  Ckatttn  on  Hcmu  Draiiagi,  «Mw  Iki 
lalrsl  Improvntwti  By  William  Paton  Bcchah,  R.P.,  Sanitary  Engineer 
and  Practical  Plumber.  Fifth  Edition,  Enlarged  to  370  pages,  and  3S0 
Illustration,    umo,  «.  cloth  board*. 

■■  A  TtkiabUMKt  book,  with*  only  tnatne  which  uBbangirdeduanaDyndlilaiuAuJ 


Geometry  for  the  Architect,  Engineer,  etc 

„r.  ,-^„- ,v     --,-,, ,-v.,,,    ....   ^    Ankitut,    Eagi* 

csof  Building,"  4c.  Second  Edition.  With  1; 
emylTD,at.  cloth. 


,  Probltms  Reioivtd 
criptutn  0/  Circles,  and  Iki  u<  of  Cokmrtd  Diagram  ant 
miBiui.    Coloured  Plate*.    Crown  Svo,  31.  64.  cloth. 
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Woods  and  Marbles  (Imitation  of). 

SCHOOL  OF  PAINTING  FOR  THE  IMITATION  OF  WOODS 
AND  MABBLES.o*  Taught  and  Practised  by  A.  B.  Van  DM  Buna  and  P. 

Van  dcc  Buao,  Directors  of  tho  Rotterdam  Painting  institution.  Royal  folio, 
]3t  by  rii  in.,  Illustrated  frith  u  full-liie  Coloured  Plain:  alao  11  plain 
Plata*,  compriahif  1 J4  Figures.  Second  >nd  Cheaper  Edition.  Price  £1  lit,  64. 
LiaofPUta. 
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House  Decoration. 

ELEMENTARY  DECORATION.  A  Guide  to  the  Simpler 
Forma  of  Everyday  Art,  aa  applied  to  the  Interior  and  Exterior  Decoration  of 
Dwelling  Houses,  &c  By  J  auks  W.  Facky,  Jun.  With  68  Cuts,  laino,  as. 
cloth  limp. 

PRACTICAL  HOUSE  DECORATION :  A  Guide  to  the  Art  of 
Ornamental  Painting,  the  Arrangement  of  Colours  in  Apartments,  and  the 
principles  of  Decorative  Design.  With  some  Remarks  upon  the  Nature  and 
Properties  of  Pigments.  By  J  auks  William  Facey,  Author  of  "  Elementary 
Decoration,"  Ac.    With  numerous  Illustrations,    xamo,  2S.  64.  cloth  limp. 

N.B.—The  above  Two  Works  together  in  One  Vol.,  strongly  half-bound,  51. 

Colour. 

A  GRAMMAR  OF  COLOURING.  Applied  to  Decorative 
Painting  and  the  Arts.  By  George  Field.  New  Edition,  Revised,  Enlarged, 
and  adapted  to  the  use  of  the  Ornamental  Painter  and  Designer.  By  Ellis 
A.  Davidson.  With  New  Coloured  Diagrams  and  Engravings,  iamo,  3s.  64. 
cloth  boards. 
"The  book  Is  a  most  useful  resume  of  the  properties  of  pigments."— Builder. 

House  Painting,  Graining,  etc. 

HOUSE  PAINTING,  GRAINING,  MARBLING,  AND  SIGN 
WRITING,  A  Practical  Manual  of.  By  Ellis  A.  Davidson.  Sixth  Edition. 
With  Coloured  Plates  and  Wood  Engravings,    xamo,  6s.  cloth  boards. 

"  A  mass  of  Information,  of  use  to  the  amateur  and  of  value  to  the  practical  man."— English 
Mechanic. 

"Simply  Invaluable  to  the  youngster  entering  upon  this  particular  calling,  and  highly  service 
able  to  the  man  who  is  practising  it?— Furniture  Gazette. 

Decorators,  Receipts  for. 

THE  DECORATOR'S  ASSISTANT:  A  Modern  Guide  to  De- 
corative Artists  and  Amateurs,  Painters,  Writers,  Gilders,  &c.  Containing 
upwards  of  600  Receipts,  Rules  and  Instructions ;  with  a  variety  of  Informa- 
tion for  General  Work  connected  with  every  Class  of  Interior  and  Exterior 
Decorations,  &c.  Fourth  Edition,  Revised.  152  pp.,  crown  8vo,  is.  in  wrapper. 
"  Full  of  receipts  of  value  to  decorators,  painters,  gilders,  &c.    The  book  contains  the  gist  of 

larger  treatises  on  colour  and  technical  processes.     It  would  be  difficult  to  meet  with  a  work  so  fuD 

of  varied  information  on  the  painter "s  art.  "—Building  Newt. 

"  We  recommend  the  work  to  all  who,  whether  for  pleasure  or  profit,  require  a  guide  to  decora- 

Xiao."— Plumber  and  Decorator. 

Moyr  Smith  on  Interior  Decoration. 

ORNAMENTAL  INTERIORS,  ANCIENT  AND  MODERN. 
By  J.  Moyr  Suith.    Super-royal  8vo,  with  33  full-page  Plates  and  numerous 
smaller  Illustrations,  handsomely  bound  in  cloth,  gilt  top,  price  18s. 
44  The  book  b  well  illustrated  and  handsomely  got  up,  and  contains  some  true  criticism  and  a 
good  many  good  examples  of  decorative  treatment.  —  The  Builder. 

"  This  is  the  most  elaborate  and  beautiful  work  on  the  artistic  decoration  of  interiors  that  we 
have  seen.  .  .  .  The  scrolls,  panels  and  other  designs  from  the  author's  own  pen  are  very 
iKsautiful  and  chaste :  but  he  takes  care  that  the  designs  of  other  men  shall  figure  even  more  thar 
lus  own."— Liverpool Albion. 

"  To  all  who  take  an  interest  in  elaborate  domestic  ornament  this  handsome  volume  win  be 
w  elcome. " — Graphic. 

British  and  Foreign  Marbles. 

MARBLE  DECORATION  and  ths  Terminology  of  British  and 
Foreign  Marbles.    A  Handbook  for  Students.     By  George  H.  Blaorovb, 
Author  of  M  Shoring  and  its  Application,"  Ac.  With  a8  Illustrations.   Crown 
Svo,  3s.  td.  cloth. 
"  This  most  useful  and  much  wanted  handbook  should  be  in  the  hands  of  every  architect  and 

builder."— Building  World. 

•  •  1 1  is  an  excellent  manual  for  students,  and  interesting  to  artistic  readers  generally. '  '—Satu  rday 

Review. 

"  A  carefully  and  usefully  written  treatise ;  the  work  is  essentially  practical."— Satfxwww. 

Marble  Working,  etc. 

MARBLE  AND   MARBLE  WORKERS:   A  Handbook  for 

Architects,  Artists,  Masons  and  Students.    By  Arthur  Lee,  Author  of  M  A 

Visit  to  Carrara,"  ••  The  Working  of  Marble,"  «c.  Small  crown  8vo,  2s.  cloth. 

'•  A  really  valuable  addition  to  the  technical  literature  of  architects  and  masons."— Building 

Nevs. 

C 
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DELAttOTTE'S  WORKS  ON  ILLUMINATION  AND  ALPHABETS. 

A  PRIMER  OP  THE  ART  OP  ILLUMINATION,  for  the  Use  of 
Beginners :  with  a  Rudimentary  Treatise  on  the  Art,  Practical  Directions  for 
its  exercise,  and  Examples  taken  from  Illuminated  MSS.,  printed  in  Gold  and 
Coloors.  By  F.  Delamottb.  New  and  Cheaper  Edition.  Small  ato,  6s.  orna- 
mental boards. 

ipies  of  indent  MSS.  recommended  to  the  student,  which,  with  modi  good  sense, 
ees  from  collections  accessible  to  ell,  ace  selected  with  tudguent  and  knowledge, 
"—Atktnanm. 

ORNAMENTAL  ALPHABETS,  Ancient  and  Medunal,  from  the 
Eighth  Century,  with  Numerals;  including  Gothic,  Church-Text,  large  and 
small,  German,  Italian,  Arabesque,  Initials  for  Illumination,  Monogram*. 
Crosses,  Ac.  Ac.,  for  the  use  of  Architectural  and  Engineering  Draughtsmen, 
Missal  Painters,  Masons,  Decorative  Painters,  Lithographers,  Engravma, 
Carvers,  Ate.  fte.  Collected  and  Engraved  by  F.  Delamottb,  and  printed  in 
Colours.  New  and  Cheaper  Edition.  Royal  8vo,  oblong,  at.  64.  ornamental 
boards. 

"  For  those  who  Insert  enamelled  sentences  round  gilded  chalces,  who  blazon  shop  legends  over 
shop-doors,  who  letter  church  walls  with  pithy  sentences  from  the  Decalogue,  this  book  will  bo  use- 
ful. — •Athttumm, 

EXAMPLES  OP  MODERN  ALPHABETS,  Plain  and  Ornamental; 
including  German,  Old  English,  Saxon,  Italic,  Perspective,  Greek,  Hebrew, 
Court  Hand,  Engrossing,  Tuscan,  Riband,  Gothic,  Rustic,  and  Arabesque ; 
with  several  Original  Designs,  and  an  Analysis  of  the  Roman  and  Old  English 
Alphabets,  large  and  small,  and  Numerals,  for  the  use  of  Draughtsmen,  Sur- 
veyors, Masons,  Decorative  Painters,  Lithographers,  Engravers,  Carvers,  &c 
Collected  and  Engraved  by  F.  Delamottb,  and  printed  in  Colours.  New 
and  Cheaper  Edition.    Royal  8vo,  oblong,  ss.  6d.  ornamental  boards. 

"These  is  comprised  in  it  er*ry  possible  shape  into  which  the  letters  of  the  alphabet  and 
^tumorals  can  be  formed,  and  the  talent  which  has  been  expended  la  the  conception  ot  the  various 
plain  and  ornamental  letters  is  wotufoxfuL"— Standard. 

MEDIMVAL  ALPHABETS  AND  INITIALS  FOR  ILLUMI- 

NA  TORS.    By  F.  G.  Dklamottk.     Containing  21  Plates  and  Illuminated 

Title,  printed  in  Gold  and  Colours.    With  an  Introduction  by  I.  Willis 

Brooks.    Fourth  and  Cheaper  Edition.    Small  4to,  4s.  ornamental  boards. 

"  A  volume  In  which  the  letters  of  the  alphabet  come  forth  glorified  hi  gilding  and  all  the  colours 

of  the  prism  interwoven  and  intertwined  and  mtenningled."— -Sun. 

THE  EMBROIDERER'S  BOOK  OP  DESIGN.  Containing 
Initials,  Emblems,  Cyphers,  Monograms,  Ornamental  Borders,  Ecclesiastical 
Devices,  Mediaeval  and  Modern  Alphabets,  and  National  Emblems.  Col- 
lected by  F.  Dblamottb,  and  printed  in  Colours.  Oblong  royal  8vo,  is.  bd. 
ornamental  wrapper. 

"The  book  will  be  of  great  assistance  to  ladles  and  voung  children  who  are  endowed  with  the 
art  of  plying  the  needle  in  this  most  ornamental  and  useful  pretty  work."— -Bast  Anglian  Ttmu. 


Wood  Carving. 

INSTRUCTIONS  IN  WOOD-CARVING,  for  Amateurs;  with 
Hints  on  Design.  By  A  Lady.  With  Ten  Plates.  New  and  Cheaper  Edition. 
Crown  8vo,  as.  in  emblematic  wrapper. 

"  The  handicraft  of  the  wood-carver,  so  well  as  a  book  can  Impart  It,  may  be  learnt  from  *  A 
Lady? '  publication."— A  thenaum. 

"  The  directions  given  are  plain  and  easily  understood."— Rngttth  Mechanic 

Glass  Painting. 

GLASS  STAINING  AND  THE  ART  OP  PAINTING  ON 
GLASS.  From  the  German  of  Dr.  Gbssrrt  and  Emanuel  Otto  Frombero. 
With  an  Appendix  on  The  Art  of  Enamelling,    xzmo,  as.  6d.  cloth  limp. 

Letter  Tainting. 

THE  ART  OP  LETTER  PAINTING  MADE  EASY.  By 
James  Greiq  Badenocb.  With  is  full-page  Engravings  of  Examples,  is.  64. 
cloth  limp. 

"  The  system  is  a  simple  one.  but  quite  original,  and  well  worth  the  careful  attention  of  letter 
painters.    It  can  be  easily  mastered  and  remtmbetcd."—SuiUUnM'Niws. 


CARPENTRY,  TIMBER,  $tc.  iq 

CARPENTRY,  TIMBER,  etc. 

Tredgold's  Carpentry,  Revised  &  Enlarged  by  Tarn. 

THE  ELEMENTARY  PRINCIPLES  OF  CARPENTRY. 
A  Treatise  on  the  Pressure  and  Equilibrium  of  Umber  Framing,  the  Resist- 
ance of  Timber,  and  the  Construction  of  Floors*  Arches,  Bridges,  Roots, 
Uniting  Iron  and  Stone  with  Timber,  Ac.  To  which  is  added  an  Essay 
on  the  Nature  and  Properties  of  Timber,  Ac,  with  Descriptions  of  the  kinds 
of  Wood  used  in  Building ;  also  numerous  Tables  of  the  Scantlings  of  Tim- 
ber for  different  purposes,  the  Specific  Gravities  of  Materials,  Ac.  By  Thomas 
Trbdgold,  C.E.  With  an  Appendix  of  Specimens  of  Various  Roots  of  Iron 
and  Stone,  Illustrated.  Seventh  Edition,  thoroughly  revised  and  considerably 
enlarged  by  E.  Wymdham  Tarn,  M.A.,  Author  of  "The  Science  of  Build- 
ing,"  Ac.  with  61  Plates,  Portrait  of  the  Author,  and  several  Woodcuts.  In 
one  large  vol.,  Ato,  price  £i  5s.  cloth. 


"Ought  to  be  in  every  architect's  and  every  buHder*§  library."— Builder. 

cellence  must  commend  it  wne 
sciplcs  are  rather  coafirn 
plates  are  of  great  intrinsic  nun*."— Building  News. 


A  work  whose  monumental  excellence  must  commend  it  wherever  Skilful  carpentry  Is  con- 
cerned.   The  author's  principles  are  rather  confirmed  than  impaired  by  time.    The  additional 


Woodworking  Machinery. 

WOODWORKING  MACHINERY:  Its  Rise,  Progress,  and 
Construction.  With  Hints  on  the  Management  of  Saw  Mills  and  the  Economi- 
cal Conversion  of  Timber.  Illustratedjwith  Examples  of  Recent  Designs  by 
leading  English,  French,  and  American  Engineers.  By  M.  Powis  Bale, 
A.M.Inst.C.B.,  M.I.M.B.  Large  crown  8vo,  12s.  W.  cloth. 
"  Mr.  Bale  is  evidently  an  expert  on  the  subject  and  he  has  collected  so  much  information  that 

his  book  is  all-sufficient  for  builders  and  others  engaged  in  the  conversion  of  timber."— Architect. 
"The  most  comprehensive  compendium  of  wood-working  machinery  we  have  seen.    The 

author  is  a  thorough  master  of  Us  subject."— Building  News. 

"  The  appearance  of  this  book  at  the  present  time  wOL  we  should  think,  give  a  considerable 

Impetus  to  the  onward  inarch  of  the  machinist  engaged  In  the  designing  and  manufacture  of 

See  of  ei 


wood-working  msrhlnw     It  should  be  in  the  office  of  every  wood-working  nctory."— M nglish 
Mechanic. 

Saw  Mills. 

SA  W  MILLS  :  Their  Arrangement  and  Management,  and  the 
Economical  Conversion  of  Timber.  (A  Companion  Volume  to  "  Wood  work- 
ing Machinery.")  By  M.  Powis  Balk.  With  numerous  Illustrations.  Crown 
8vo,  zos .  64.  cloth. 

"  The  administration  of  a  large  sawing  establishment  is  discussed,  and  the  subject  examined 
atom  a  financial  standpoint.  W«  could  not  desire  a  more  complete  or  practical  treatise."— ffMOrirr. 
"  We  highly  recommend  Mr.  Bale's  work  to  the  attention  and  perusal  of  all  those  who  are  en- 
gaged m  the  art  of  wood  conversion,  or  who  are  about  building  or  remodelling  saw-mills  on  Im- 
proved principles."— Building  Am. 

Carpentering. 

THE  CARPENTER'S  NEW  GUIDE;  or,  Book  of  Lines  for  Car- 
penters ;  comprising  all  the  Elementary  Principles  essential  for  acquiring  a 
knowledge  of  Carpentry.  Founded  on  the  late  Peter  Nicholson's  standard 
Work.  A  New  Edition,  Revised  by  Arthur  Ashpitbl,  F.S.A.  Together 
with  Practical  Rules  on  Drawing,  by  George  Pymr.  With  74  Plates, 
4to,  £1  is.  cloth. 

Handrailing  and  Stairbuilding. 

A  PRACTICAL  TREATISE  ON  HANDRAILING  :  Showing 
New  and  Simple  Methods  for  Finding  the  Pitch  of  the  Plank,  Drawing  the 
Moulds,  Bevelling,  Jointing-tip,  and  Squaring  the  Wreath.  By  George 
Collings.  Second  Edition,  Revised  and  Enlarged,  to  which  is  added  A 
Treatise  on  Stairbuilding.  With  Plates  ana  Diagrams,  iamo,  as.  6d. 
cloth  limp. 

' '  Win  be  found  ofpractlcal  utility  in  the  execution  of  this  difficult  branch  of  Joinery."— Builder. 

"  Almost  every  difficult  phase  ofthto  somewhat  intricate  branch  of  Joinery  Is  elucidated  by  the 
aid  of  plates  and  explanatory  letterpress."— Furniture  Gazette* 

Circular  Work. 

CIRCULAR  WORK  IN  CARPENTRY  AND  JOINERY:  A 
Practical  Treatise  on  Circular  Work  of  Single  and  Double  Curvature.  By 
George  Collinos,  Author  of  "  A  Practical  Treatise  on  Handrailing."  Illus- 
trated with  numerous  Diagrams.  Second  Edition,  ismo,  ss.  6rf.  oloth  limp. 
"  An  excellent  example  of  what  a  book  of  this  kind  should  be.  Cheap  la  price,  clear  in  defini- 
tion and  practical  in  the  examples  selected. "—Builder. 
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Timber  Merchant's  Companion* 

THE  TIMBER  MERCHANTS  AND  BUILDER'S  COM- 
PA  NION.  Containing  New  and  Copious  Tables  of  the  Reduced  Weight  and 
Measurement  of  Deals  and  Battens,  of  all  sizes,  from  One  to  a  Thousand 
Pieces,  and  the  relative  Price  that  each  size  bears  per  Lineal  Foot  to  an  y 
given  Price  per  Petersburg  Standard  Hundred ;  the  Price  per  Cube  Foot  of 
Square  Timber  to  any  given  Price  per  Load  of  50  Feet;  the  proportionate 
Value  oi  Deals  and  Battens  by  the  Standard,  to  Square  Timber  by  the  Load 
of  30  Feet ;  the  readiest  mode  of  ascertaining  the  Price  of  Scantling  per 
Lineal  Foot  of  any  size,  to  any  given  Figure  per  Cube  Foot,  Ac.  dec  By 
William  Dowsing.  Fourth  Edition,  Revised  and  Corrected.  Cr.  8vo.  3s.  cl. 
"  We  are  glad  to  see  a  fourth  edition  of  these  admirable  tables,  which  for  correctness  and 

simplicity  of  arrangement  leave  nothing  to  be  desired." — Timber  Trades  Journal. 

"An  exceedingly  well-arranged,  clear,  and  concise  manual  of  tables  for  the  use  of  aH  who  bay 

or  sell  timber."— Journal  of  forestry- 

Practical  Timber  Merchant* 

THE  PRACTICAL  TIMBER  MERCHANT.  Being  a  Guide 
for  the  use  of  Building  Contractors,  Surveyors,  Builders,  &c,  comprising 
useful  Tables  for  all  purposes  connected  with  the  Timber  Trade,  Marks  of 
Wood,  Essay  on  the  Strength  of  Timber,  Remarks  on  the  Growth  of  Timber, 
&c.  By  W.  Richardson.  Fcap.  8vo,  3s.  64.  cloth. 
"  This  handy  manual  contains  much  valuable  information  for  the  use  of  timber  merchant*, 

builders,  foresters,  and  all  others  connected  with  the  growth,  sale,  and  manufacture  of  timber."— 

Journal  of  Forestry. 

Timber  Freight  Book. 

THE  TIMBER  MERCHANTS,  SAW  MILLER'S,  AND 
IMPORTER'S  FREIGHT  BOOK  AND  ASSISTANT.  Comprising  Rules, 
Tables,  and  Memoranda  relating  to  the  Timber  Trade.  By  William 
Richardson,  Timber  Broker;  together  with  a  Chapter  on  "Speeds  of  Saw 
Mill  Machinery,"  by  M.  Powis  Bale,  M.I.M.E.,  Ate.  i2mo,  3s.  6d.  cl.  boards. 
"  A  Tery  useful  manual  of  rules,  tables,  and  memoranda  relating  to  the  timber  trade.  We  re- 
commend it  as  a  compendium  of  calculation  to  all  timber  measurers  and  merchants,  and  as  supply, 
lag  a  real  want  in  the  trade."— Building  News. 

JPacking-Case  Makers.  Tables  for. 

PACKING-CASE  TABLES ;  showing  the  number  of  Super- 
ficial Feet  in  Boxes  or  Packing-Cases,  from  six  inches  square  and  upwards. 
By  W.  Richardson,  Timber  Broker.    Third  Edition.    Oblong  4to,  35.  64.  cl. 

*'  Invaluable  labour-saving  tables." — Ironmonger. 

"WQ1  save  much  labour  and  calculation."— Grocer, 

Superficial  Measurement. 

THE    TRADESMAN'S  GUIDE  TO  SUPERFICIAL  MEA- 
SUREMENT.  Tables  calculated  from  x  to  200  inches  in  length,  by  1  to  108 
inches  in  breadth.    For  the  use  of  Architects,  Surveyors,  Engineers,  Timber 
Merchants,  Builders,  &c     By  James  Hawkimgs.     Third  Edition.    Fcap., 
$s.  M.  cloth. 
"  A  useful  collection  of  tables  to  facilitate  rapid  calculation  of  surfaces.  The  exact  area  of  any 
surface  of  which  the  limits  have  been  ascertained  can  be  instantly  determined.    The  book  will  be 
found  of  the  greatest  utility  to  all  engaged  in  building  ooerationO — Scotsman. 

"  These  tables  will  be  found  of  great  assistance  to  all  who  require  to  make  calculations  in  super- 
ficial measurement."— Bn&lis A  Mechanic. 

Forestry. 

THE  ELEMENTS  OF  FORESTRY.  Designed  to  afford  In- 
formation concerning  the  Planting  and  Care  of  Forest  Trees  for  Ornament  or 
Profit,  with  Suggestions  upon  the  Creation  and  Care  of  Woodlands.  By  F.  B. 
Houoh.    Large  crown  8vo,  xos.  cloth. 

Timber  Importer's  Guide. 

THE  TIMBER  IMPORTER'S,  TIMBER  MERCHANTS  AND 
BUILDER'S  STANDARD  GUIDE.  By  Richard  E.  Grandt.  Compris- 
ing an  Analysis  of  Deal  Standards,  Home  and  Foreign,  with  Comparative 
Values  and  Tabular  Arrangements  for  fixing  Nett  Landed  Cost  on  Baltic 
and  North  American  Deals,  including  all  intermediate  Expenses,  Freight, 
Insurance,  &c.  &c.  Together  with  copious  Information  for  the  Retailer  and 
Builder.    Third  Edition,  Revised.    i2mo,  v.  cloth  limp. 

"  Everything  It  pretends  to  be :  built  up  gradually,  it  leads  one  from  a  forest  to  a  treenail,  and 
throws  in.  as  a  makeweight;  a  host  of  material  concerning  bricks,  columns,  cisterns,  &&"<- 'EnflisM 
Mechanic.  ■   ■ 


MARINE  ENGINEERING,  NAVIGATION,  etc.         it 


MARINE  ENGINEERING,  NAVIGATION,  etc. 

Chain  Cables.  

CHAIN  CABLES  AND  CHAINS.  Comprising  Sizes  and 
Curves  of  Links,  Studs,  &c,  Iron  for  Cables  and  Chains,  Chain  Cable  and 
Chain  Making,  Forming  and  Welding  Links,  Strength  of  Cables  and  Chains, 
Certificates  for  Cables,  Marking  Cables,  Prices  of  Chain  Cables  and  Chains, 
Historical  Notes,  Acts  of  Parliament,  Statutory  Tests,  Charges  for  Testing, 
List  of  Manufacturers  of  Cables,  &c.  &c.  By  Thomas  W.  Traill,  F.E.R, N., 
M.  Inst.  C.E.,  Engineer  Surveyor  in  Chief,  Board  of  Trade,  Inspector  of 
Chain  Cable  and  Anchor  Proving  Establishments,  and  General  Superin- 
tendent, Lloyd's  Committee  on  Proving  Establishments.  With  numerous 
Tables,  Illustrations  and  Lithographic  Drawings.  Folio,  £2  is.  cloth, 
bevelled  baaids. 
"  It  contains  a  vast  amount  of  valuable  information.    Nothing  seems  to  be  wanting  to  make  ft 

a  complete  and  standard  work  of  reference  on  the  subject."— Nautical  Magasinc. 

Marine  Engineering. 

MARINE  ENGINES  AND  STEAM  VESSELS  (A  Treatise 
on).  By  Robert  Murray,  C.E.  Eighth  Edition,  thoroughly  Revised,  with 
considerable  Additions  by  the  Author  and  by  Georgk  Carlisle,  C.E., 
Senior  Surveyor  to  the  Board  of  Trade  at  Liverpool.  12010,  5s.  cloth  boards. 
"  Well  adapted  to  give  tne  young  hteamship  engineer  or  marine  engine  and  boiler  maker  a 
general  introduction  into  his  practical  Yrnrk."—Methanicat  World. 

"  We  feel  sure  that  this  thoroughly  revised  edition  will  continue  to  be  as  popular  In  the  future 
as  it  has  been  in  tne  put,  as,  for  its  size,  it  contains  more  useful  information  than  any  similar 
treatise. ' '  —Industries. 

The  information  given  is  both  sound  and  sensible,  and  well  qualified  to  direct  young  sea- 
going hand*  on  the  straight  road  to  the  extra  chiefs  certificate.  Most  useful  to  survejors, 
inspectors,  draughtsmen,  and  all  young  engineers  who  take  an  interest  in  their  profession."— 

Glasgow  Herald. 
"An  indispensable  manual  for  the  student  of  marine  engineering."— Liverpool  Mercury. 

Pocket-Book  for  Naval  Architects  and  Shipbuilders. 

THE  NAVAL  ARCHITECT'S  AND  SHIPBUILDER'S 
POCKET-BOOK  of  Formula,  Rules,  and  Tables,and  MA  RINE  ENGINEER'S 
AND  SURVEYOR'S  Handy  Book  of  Reference.  By  Clement  Mackrow, 
Member  of  the  Institution  of  Naval  Architects,  Naval  Draughtsman.  Fourth 
Edition,  Revised.  With  numerous  Diagrams,  &c.  Fcap.,  12s.  64.  strongly 
bound  in  leather. 
"  WiO  oe  found  to  contain  the  most  useful  tables  and  formulae  required  by  shipbuilders,  carefully 

collected  from  the  best  authorities,  and  put  together  in  a  popular  and  simple  form."— Engineer. 
"  The  professional  shipbuilder  has  now,  in  a  convenient  and  accessible  form,  reliable  dam  for 

solving  many  of  the  numerous  problems  that  present  themselves  in  the  course  of  his  work." — Iron. 
"There  is  scarcely  a  subject  on  which,  a  naval  architect  or  shipbuilder  can  require  to  refresh 

his  memory  which  will  not  be  found  within  the  covers  of  Mr.  Mackrow'sbook."— English  Mechanic 

Pocket-Book  far  Marine  Engineers. 

A    POCKET-BOOK  OF    USEFUL    TABLES    AND    FOR. 
MULA*  FOR  MARINE  ENGINEERS.     By  Frank  Proctor,  A,  I.N  A. 
Third  Edition.    Royal  32010,  leather,  gilt  edges,  with  strap,  45. 
"We  recommend  it  to  our  readers  as  going  far  to  supply  a  long-felt  max.'"— Naval  Science* 
"A  most  useful  companion  to  all  marina  engineers."—  United  Service  Gasette. 

Introduction  to  Marine  Engineering. 

ELEMENTARY  ENGINEERING:  A  Manual  for  Young  Marine 
Engineers  and  Apprentices.  In  the  Form  of  Questions  and  Answers  on 
Metals,  Alloys,  Strength  of  Materials,  Construction  and  Management  of 
Marine  Engines  and  Boilers,  Geometry,  &c.  &c.  With  an  Appendix  of  Useful 
Tables.  By  John  Sherrbn  Brewer,  Government  Marine  Surveyor,  Hong- 
kong.   Small  crown  8vo,  as.  cloth. 

"  Contains  much  valuable  information  for  the  class  for  whom  it  Is  Intended,  especially  in  the 
-chapters  on  the  management  of  boilers  and  eng'nes."— Nautical  Magatine. 
*"  A  useful  Introduction  to  the  more  elaborate  text  books.'*— Scotsman. 

"  To  a  student  who  has  the  requisite  desire  and  resolve  to  attain  a  thorough  knowledge,  Mr. 
Jlrewer  offers  decidedly  useful  help.'*— Athenaum. 

Navigation. 

PRACTICAL  NAVIGATION.  Consisting  of  The  Sailor's 
Sea-Book,  by  Jambs  Greenwood  and  W.  H.  Rosser;  together  with  the 
requisite  Mathematical  and  Nautical  Tables  for  the  Working  of  the  Problems, 
by  Henry  Law,  C.E.,  and  Professor  J.  R.  Young.  Illustrated,  xamo,  7*. 
strongly  half-bound. 
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Metalliferous  Mining  in  the  United  Kingdom* 

BRITISH  MINING :  A  Treatise  on  the  History,  Discovery.  Practical 
Development,  and  Future  Prospects  of  Metalliferous  Mimes  in  the  United  King' 
dom.  By  Robert  Hunt,  F.R.S.,  Keeper  of  Mining  Records;  Editor  of 
"  lire's  Dictionary  of  Arts,  Manufacture*,  and  Mines,*  Ac.  Upwards  of  950 
pp.,  with  330  Illustrations.  Second  Edition,  Revised.  Super-royal  8vor 
£1  ss.  doth. 

*' On«  of  the  roost  vahiablewotkt  of  refereoctt  of  modern  tlmaa.  Mr.  Hunt,  as  keeper  of  adidng 
records  of  tha  United  Kingdom,  has  had  opportunities  for  such  a  task  not  enjoyed  by  anyone  ems, 
and  has  evidently  made  the  most  of  them.  .  .  .  The  language  and  style  adopted  are  good,  and 
the  treatment  of  the  various  subjects  laborious,  conscientious,  and  scientific.'' — Engineering. 

"The  book  is,  in  fact,  a  treasure-house  of  statistical  information  on  mmiiur  subjects,  and  we 
know  of  no  other  work  embodying  so  great  a  mass  of  matter  of  this  kind.  Were  mis  the  only 
merit  ef  Mr.  Hont  s  volume,  it  would  be  sufficient  to  render  it  indispensable  in  this  library  off 
everyone  interested  in  the  doveiopaient  of  the  mining  and  metallurgical  industries  of  tius  country." 
— Athenmtm. 

"  A  mass  of  Information  not  elsewhere  available,  and  of  the  greatest  value  to  those  who  may 
be  interested  in  our  great  mineral  industries."— £«tfi«rr. 

"  A  sound,  business-like  collection  of  interesting  facta.  .  .  .  The  amount  of  information 
Mr.  Hunt  has  brought  together  is  enormous.  .  .  .  The  volume  appears  likely  to  convey  more 
Instruction  upon  the  subject  than  any  work  hitherto  pwbKshori."— Afswfay  Journal. 

Colliery  Management* 

THE  COLLIERY  MANAGER'S  HANDBOOK:  A  Compre- 
hensive Treatise  on  the  Laying-out  and  Working  of  Collieries.  Designed  as 
a  Book  of  Reference  for  Colliery  Managers,  and  Tor  the  Use  of  Coal-Mining 
Students  preparing  for  First-class  Certificates.  By  Caleb  Pambly,  Mining 
Engineer  and  Surveyor:  Member  of  the  North  of  Eneland  Institute  of 
Mining  and  Mechanical  engineers ;  and  Member  of  the  South  Wales  Insti- 
tute of  Mining  Engineers.  With  nearly  500  Plans,  Diagrams,  and  other 
Illustrations.    Medium  8vo,  about  600  pages.    Price  £1  «s.  strongly  bound. 

[Just  published. 

Coal  and  Iron, 

THE  COAL  AND  IRON  INDUSTRIES  OF  THE  UNITED 
KINGDOM.  Comprising  a  Description  of  the  Coal  Fields,  and  of  the 
Principal  Seams  of  Coal,  with  Returns  of  their  Produce  and  its  Distribu- 
tion, and  Analyses  of  Special  Varieties.  Also  an  Account  of  the  occurrence 
of  Iron  Ores  in  Veins  or  Seams ;  Analyses  oi  each  Variety :  and  a  History  ot 
the  Rise  and  Progress  of  Pig  Iron  Manufacture.  By  Richard  Meade,  Assistant 
Keeper  ot  Mining  Records.  With  Maps.  8vo,  £1  8* .  cloth. 
"  The  book  is  one  which  must  find  a  place  on  the  shelves  of  all  interested  in  coal  and  tarn 

production,  and  in  the  iron,  steel,  and  other  metallurgical  industries."— Engineer. 

"  Of  this  book  we  may  unreservedly  say  that  it  is  the  best  of  its  class  which  we  have  ever  met. 
.    .    A  book  of  reference  which  no  one  engaged  in  the  Iron  or  coal  trades  should  omit  from  his 

library."— Iron  and  Coal  Trades  Review. 

Prospecting  for  Gold  and  other  Metals* 

THE  PROSPECTOR'S  HANDBOOK:  A  Guide  for  the  Pro- 
spector and  Traveller  in  Search  of  Metal-Bearing  or  other  Valuable  Minerals. 
By  J.  W.  Anderson,  M.A.  (Carnb.),  F.R.G.S.,  Author  of  "Fiji  and  New 
Caledonia."  Fifth  Edition,  thoroughly  Revised  and  Enlarged*  Small 
crown  8vo,  3s.  6d.  cloth. 

"  Will  supply  a  much  felt  want,  especially  amonjr  Colonists,  in  whose  way  are  so  often  thrown 
many  mineralogical  specimens  the  value  of  which  it  is  difficult  to  determine.  * —  Engineer. 

"  How  to  find  commercial  minerals,  and  how  to  identity  tbem  wnen  they  are  found,  are  the 
leading  points  to  which  attention  is  directed.  1  he  author  has  managed  to  pack  as  muchpractical 
detail  into  his  pages  as  would  supply  material  for  a  book  three  times  its  siae."— Mining  Journal. 

Mining  Notes  and  Formula*. 

NOTES  AND  FORMULAE  FOR  MINING  STUDENTS.    By 

ioHN  Herman  Mkrivale,  M.A.,  Certificated  Colliery  Manager,  Professor- of 
fining  in  the  Durham  College  of  Science,  Newcastle-upon-Tyne.    Third 
Edition,  Revised  and  Enlarged.  Small  crown  8vo,  25.  64.  cloth. 
"  Invaluable  to  anyone  who  Is  working  up  for  an  examination  on  mining  subjects.1*—  Cealand 
Iron  Trade*  Review. 

"  The  author  has  done  his  work  m  an  exceedingly  creditable  manner,  and  has  produced  a  book 
that  will  be  of  service  to  students,  and  those  who  are  practically  engaged  in  mining  operations,''--- 
Engineer . 

"  A  vast  amount  of  technical  matter  of  the  utmost  value  to  mining  engineers,  and  of  consider- 
able  Interest  to  atudents."— -JkkoeiMtnter. 
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Explosives, 

A  HANDBOOK  ON  MODERN  EXPLOSIVES.  Being  a 
Practical  Treatise  on  the  Manufacture  and  Application  of  Dynamite,  Gun- 
Cot  ton,  Nitro-Glycerine  and  other  Explosive  Compounds.  Including  the 
Manufacture  of  Collodion-Cotton.  By  M.  Eisslbr,  Mining  Engineer  and 
Metallurgical  Chemist,  Author  of  "  The  Metallurgy  of  Gold,"  &c.  With 
about  100  Illustrations.     Crown  8vo,  10s.  6d.  cloth. 

"Useful  not  only  to  the  miner,  but  also  to  officers  of  both  services  to  whom  blasting  and  the 
use  of  explosives  generally  may  at  any  time  become  a  necessary  auxiliary."— jVaterv. 

"  A  veritable  mine  of  information  on  the  subject  of  explosives  employed  for  military,  mining' 
and  blasting  purposes."— Army  and  Navy  Gamette. 

"  The  book  is  clearly  written.  Taken  as  a  whole,  we  consider  it  an  excellent  little  book  and 
one  that  should  be  found  of  great  service  to  miners  and  others  who  are  engaged  in  work  requiring 
the  use  of  explosives."— Athenaum. 

Gold,  MetaUurgy  of. 

THE  METALLURGY  OF  GOLD :  A  Practical  Treatise  on  the 
Metallurgical  Treatment  of  Gold-bearing  Ores.  Including  the  Process*  s  ot 
Concentration  and  Chlorination,  and  the  Assaying,  Melting  and  Refining  of 
Gold.  By  M.  Eisslbr,  Mining  Engineer  and  Metallurgical  Chemist,  iormerly 
Assistant  Assayer  of  the  TJ.  S.  Mint,  San  Francisco.  Third  Edition,  Revised 
and  greatly  Enlarged.    With  287  Illustrations.    Crown  8vo,  ias.  64.  cloth. 

"  This  book  thoroughly  deserves  its  title  of  a  '  Practical  Treatise.1  The  whole  process  of  gold 
mfiling,  from  the  breaking  of  the  quarts  to  the  assay  of  the  bullion,  is  described  in  clear  and 
orderlynarrative  and  with  much,  but  not  too  much,  fulness  of  detail."— Saturday  Xevuw. 

"  The  work  is  a  storehouse  of  information  and  valuable  data,  and  we  strongly  recommend  it  to 
all  professional  men  engaged  in  the  gold*mining  industry."— Mining  Journal 

Silver,  MetaUurgy  of. 

THE  METALLURGY  OF  SILVER  :  A  Practical  Treatise  on 
the  Amalgamation,  Roasting  and  Lixlviation  of  Silver  Ores,  Including  the 
Assaying,  Melting  and  Refining  of  Silver  Bullion.  By  M.  Kibsler,  Author 
of  "The  Metallurgy  of  Gold  "  Second  Edition,  Enlarged.  With  130  Illus- 
trations.   Crown  8vo,  10s.  64.  cloth.  \Jutf  published, 

"  A  practical  treatise,  and  a  technical  work  which  we  are  convinced  wiU  supply  a  long-felt  want 
amongst  practical  men,  and  at  the  same  time  be  of  value  to  students  and  others  Indirectly  connected 
with  tne  industries."— Mining  Journal. 

"  From  first  to  last  the  book  is  thoroughly  sound  and  reliable."— Colliery  Guardian. 

"  For  chemists,  practical  miners,  assayers  and  investors  alike,  we  do  not  know  of  any  work 
on  the  subject  so  handy  and  yet  so  comprehensive.  "—Glasgow  Herald. 

Silver-Lead,  Metallurgy  of. 

THE  METALLURGY  OF  ARGENTIFEROUS  LEAD:  A 
Practical  Treatise  on  the  Smelting  of  Silver-Lead  Ores  and  the  Refining  of 
Lead  Bullion.  Including  Reports  on  various  bmelting  Establishments  and 
Descriptions  of  Modern  Furnaces  and  Plants  in  Europe  and  America.  By 
M.  Eisslkr,  M.E.,  Author  of  "The  Metallurgy  of  Gold,"  &c.  Crown  8vo. 
400  pp.,  with  numerous  Illustrations,  125. 64.  cloth.  [Just  published. 

Metalliferous  Minerals  and  Mining. 

TREATISE  ON  METALLIFEROUS  MINERALS  AND 
MINING.  By  D.  C.  Davizs,  F.G.S.,  Mining  Engineer.  Ac,  Author  of  "A 
Treatise  on  Slate  and  Slate  Quarrying."  Illustrated  with  numerous  Wood 
Engravings.    Fourth  Edition,  carefully  Revised.    Crown  8vo,  ias.  6d.  cloth. 

"  Neither  the  practical  miner  nor  the  general  reader  interested  In  mines  can  neve  n  better  book 
for  his  companion  and  his  guide."— Mining  Journal.  {.Mining  IVorld. 

"  We  are  doing  our  readers  a  service  In  calling  their  attention  to  this  valuable  work.  — 
"Ait  history  of  the  present  state  of  mining  throughout  tne  wuria  tins  oook  nns  a  real  value, 
and  it  supplies  an  actual  **aX."—Ath*netum. 

Earthy  Minerals  and  Mining. 

A  TREATISE  ON  EARTHY  6*  OTHER  MINERALS  AND 
MINING.  By  D.  C.  Davrss,  F.G.S.  Uniform  with,  and  forming  a  Com- 
panion Volume  to,  the  same  Author's  "  Metalliferous  Minerals  and  Mining." 
With  76  Wood  Engravings,    Second  Edition.   Crown  8vo,  xas.  64.  cloth. 

"  We  do  not  remember  to  have  met  with  any  English  work  on  mining  matters  that  contains 
the  vtme  amount  of  information  packed  In  equally  convenient  form."— Academy. 

"  We  should  be  inclined  to  rank  it  as  among  the  very  be*t  of  the  handy  technical  and  trades 
manuals  which  have  recently  appeared."— ttritisk  Quarterly  Revitnu. 
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Mineral  Surveying  and  Valuing. 

THE  MINERAL  SURVEYOR  AND  VALUER'S  COMPLETE 
GUIDE,  comprising  a  Treatise  on  Improved  Mining  Surveying  and  the  Valua- 
tion of  Mining  Properties,  with  New  Traverse  Tables.  By  Wu.  Liktbrm, 
Mining  and  Civil  Engineer.  Third  Edition,  with  an  Appendix  on  "  Magnetic 
and  Angular  Surveying/'  with  Records  of  the  Peculiarities  of  Needle  Dis- 
tuobaaces.  With  Four  Plates  of  Diagrams,  Plans,  &c.  tamo,  45.  cloth. 
"  Mr.  Lintern's  book  forms  a  valuable  and  thoroughly  trustworthy  guide."— Iron  and  Coal 

Trades  Review. 

"  This  new  edition  must  be  of  the  highest  value  to  colliery  surveyors,  proprietors  and  maaa- 

Zf**."— Colliery  Guardian, 

Asbestos  and  its  Uses* 

ASBESTOS :  Its  Properties,  Occurrence  and  Uses.      With  some 
Account  of  the  Mines  of  Italy  and  Canada.    By  Robert  H.  Jones.    With 
Eight  Collotype  Plates  and  other  Illustrations.    Crown  8vo,  12s.  6d.  cloth. 
•*  An  interesting  and  invaluable  work.*—  Collierv  Guardian. 

"  We  counsel  our  readers  to  get  this  exceedingly  interesting  work  for  themselves ;  they  win 
find  in  it  much  that  is  suggestive,  and  a  great  deal  that  is  of  immediate  and  practical  usefulness.  ** — 
Builder. 

"  A  valuable  addition  to  the  architect's  and  engineer's  library."— Building  Newt. 

Underground  Tumping  Machinery. 

MINE  DRAINAGE.  Being  a  Complete  and  Practical  Treatise 
on  Direct-Acting  Underground  Steam  Pumping  Machinery,  with  a  Descrip- 
tion of  a  large  number  of  the  best  known  Engines,  their  General  Utility  and 
the  Special  Sphere  of  their  Action,  the  Mode  of  their  Application,  and 
their  merits  compared  with  other  forms  of  Pumping  Machinery.  By  Stephen 
Michell.  8vo,  15s.  cloth. 
"Will  be  highly  esteemed  by  cofflery  owners  and  lessees,  mining  engineers,  and  students 

generally  who  require  to  be  acquainted  with  the  best  means  of  securing  the  drainage  of  mines.    It 

n  a  most  valuable  work,  and  stands  almost  alone  in  the  literature  of  steam  pumping  machinery." — 

Colliery  Guardian. 

"  Much  valuable  information  is  given,  so  that  the  book  is  thoroughly  worthy  of  an  extensive 

circulation  amongst  practical  men  and  purchasers  of  machinery."— Mining-  Journal. 

Mining  Tools. 

A  MANUAL  OF  MINING  TOOLS.  For  the  Use  of  Mine 
Managers,  Agents,  Students,  Ate.  By  William  Morgans,  Lecturer  on  Prac- 
tical Mining  at  the  Bristol  School  of  Mines,    iamo,  2*.  6d.  cloth  limp. 

ATLAS  OF  ENGRAVINGS  to  Illustrate  the  above,  contain- 

faff  33s  Illustrations  of  Mining  Tools,  drawn  to  scale,    ato,  4*.  6d.  cloth. 

"Students  in  the  science  of  mining,  and  overmen,  captains,  managers,  and  viewers  may  gain 
practical  knowledge  and  useful  hints  by  the  study  of  Mr.  Morgans'  manual.'' — Colliery  Guardian. 

"  A  valuable  work,  which  will  tend  materially  to  improve  our  mining  literature."— M ining 
Journal. 

Coal  Mining. 

COAL  AND  COAL  MINING:  A  Rudimentary  Treatise  on.    By 
the  late  Sir  Warinoton  W.  Smyth,  M.A.,  F.R.S.,  Ac,  Chief  Inspector  of  the 
Mines  of  the  Crown.     Seventh  Edition,  Revised  and  Enlarged.    With 
numerous  Illustrations.    i2mo,  45.  cloth  boards. 
"As  an  outline  is  given  of  every  known  coal-field  m  this  and  other  countries,  as  well  as  of  the 

principal  methods  of  working;  the  book  will  doubtless  interest  a  very  large  number  of  readers." — 

Miming  Journal. 

Subterraneous  Surveying. 

SUBTERRANEOUS  SURVEYING,  Elementary  and  Practical 
Treatise  on,  with  and  without  the  Magnetic  Needle.  By  Thomas  Pen  wick. 
Surveyor  of  Mines,  and  Thomas  Baker,  C.E.  Illusl  i2mo,  3$.  cloth  boards. 

Granite  Quarrying. 

GRANITES   AND   OUR    GRANITE   INDUSTRIES.       By 
George  F.  Harris,  F.G.S.,  Membre  de  la  Societe  Beige  de  Gtfologie,  Lec- 
turer on  Economic  Geology  at  the  Birkbeck  Institution,  &c    With  Illustra- 
tions.   Crown  8vo,  2s.  64.  cloth. 
"  A  clearly  and  well-written  manual  for  persons  engaged  or  interested  in  the  granite  industry.' 

"  An  interesting  work,  which  will  be  deservedly  esteemed."— Colliery  Guard  tan. 
"  An  exceedingly  interesting  and  valuable  monograph  on  a  subject  which  has  hitherto  received 
unaccountably  little  attention  in  the  shape  of  systematic  literary  treatmeiit."— Scottish  Leader. 
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Electrical  Engineering* 

THE  ELECTRICAL  ENGINEER'S  POCKET-BOOK  OF 
MODERN  RULES,  FORMULA,  TABLES  AND  DATA.  By  H.  R. 
Kkmpe,  M.Inst.E.E.,  A.M.Inst  C.E.,  Technical  Officer  Postal  Telegraphs. 
Author  of  "  A  Handbook  of  Electrical  Testing,"  Sec.  With  numerous  Illus- 
trations, royal  32010,  oblong,  55.  leather.  [Just  published. 

"  There  is  vary  little  In  the  shape  of  formula:  or  data  which  the  electrician  is  likely  to  want 
in  a  hairy  which  cannot  be  found  in  its  pages."— Practical  Engineer. 

MA  very  useful  book  of  reference  for  daily  use  in  practical  electrical  engineering  and  its 
various  applications  to  the  industries  of  the  present  day."— Iron. 

-  It  is  the  best  book  of  its  kind."— Electrical  Engineer. 

"The  Electrical  Engineer's  Pocket- Book  is  a  good  one."—  Electrician. 

"Strongly  reconuneuded  to  those  engaged  in  tue  various  electrical  industries."— Electrical 
Review. 

Electric  Lighting. 

ELECTRIC  LIGHT  FITTING :  A  Handbook  for  Working 
Electrical  Engineers,  embodying  Practical  Notes  on  Installation  Manage- 
ment. By  John  W.  Urquhart,  Electrician,  Author  of  "  Electric  Light,"  &c. 
With  numerous  Illustrations,  crown  8vo,  5s.  cloth.  L.7*5'  published. 

"This  volume  deals  with  what  may  he  termed  the  mechanics  of  electric    lighting,  and  is 

addressed  to  m-n  who  are  already  engaged  in  the  work  or  are  training  'or  it.    The  work  traverses 

a  erent  deal  of  ground,  and  may  be  read  as  a  sequel  to  the  same  author's  useful  work  on  '  Electric 

Light,'"—  Electrician. 

"  This  is  an  attempt  to  state  m  the  simplest  language  the  precautions  which  should  be  adopted 

in  instal  ing  the  electric  light,  and  to  g»vc  information. for  the  guidance  of  those  who  have  to  run 

the  plant  when  installed.     The  book  is  well  wor.h  the  perusal  of  the  workmen  for  whom  it  is 

written."— Electrical  Review. 

•  Eminently  practical  and  useful.    .    .    .    Ought  to  be  in  the  hands  of  everyone  in  charge  of 

an  electric  light  plant."— Electrical  Engineer. 

"  A  really  capital  book,  which  we  have  no  hesitation  in  recommending  to  the  notice  of  working 

electricians  and  electrical  engineers."— Mtihan teal  World. 

Electric  Light. 

ELECTRIC  LIGHT :  Its  Production  and  Use.  Embodying  Plain 
Directions  for  the  Treatment  cf  Dynamo-Electric  Machines,  Batteries. 
Accumulators,  and  Electric  Lamps.  By  J.  W.  Urquhart,  C.E.,  Author  01 
"  Electric  Light  Fitting,"  &c.  Fourth  Edition,  Revistd,  with  Large  Additions 
and  145  Illustrations.    Crown  8vo,  75.  64.  cloth.  [?«**  published. 

"  The  book  is  by  far  the  best  that  we  have  yet  met  with  on  the  subject."— AtHenetum. 
"It  is  the  only  work  at  present  available  which  gives,  in  language  intelligible  for  the  most  part 

to  the  ordinary  reader,  a  general  but  concise  history  of  the  means  which  have  been  adopted  up  to 

the  present  time  in  producing  the  electric  light."— Metropolitan. 

11  The  book  contains  a  general  account  of  the  means  adopted  in  producing  the  electric  light, 

not  only  as  obtained  from  voltaic  or  galvanic  batteries,  but  treats  at  length  of  the  dynamo-electric 

machine  in  several  of  its  forms."— Colliery  Guardian, 

Construction  of  Dynamos. 

DYNAMO  CONSTRUCTION  :  A  Practical  Handbook  for  the  Use 
of  Engineer  Constructors  and  Electricians  in  Charge.  With  examples  of 
leading  English,  American  and  Continental  Dynamos  and  Motors.  By  J.  W. 
Urquhart,  Author  of  "  Electric  Light,"  &c.    Crown  8vot  7s.  6d.  cloth. 

[Just  published. 
•The  author  has  produced  a  book  for  which  a  demand  has  long  existed.    The  subject  is 
treated  m  a  thoroughly  practical  manner.  '—Mechanical  11  or  Id. 

Dynamic  Electricity  and  Magnetism. 

THE  ELEMENTS  OF  DYNAMIC  ELECTRICITY  AND 
MAGNETISM  By  Philip  Atkinson,  A.M.,  Ph.D.  Crown  8vo.  400pp. 
With  120  Illustrations.    101.  6d.  cloth.  [Just published. 

Text  Book  of  Electricity. 

THE  STUDENTS  TEXT-BOOK  OF  ELECTRICITY.  By 
Henry  M.  Noad,  Ph.D..  F.R.S.,  F.CS.  New  Edition,  carefully  Revised. 
With  an  Introduction  and  Additional  Chapters,  by  W.  H.  Passes,  M.I.C.E., 
Vice-President  of  the  Society  of  Telegraph  Engineers,  Ac.  With  470  Illustra- 
tions. Crown  8vo,  ia*.  6d.  cloth. 
'We  can  recommend  Dr.  Noed's  book  for  clear  style,  greet  range  of  subject;  a  good  Index, 

Jind  a  plethora  of  woodcuts.    Such  collections  as  the  present  are  indispensable. —AtAertaum. 
"  An  admirable  teat  book  for  every  student  —  beginner  or  advanced  —  of  electricity."— 

Engineering: 
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Electric  Lighting. 

THE  ELEMENTARY  PRINCIPLES  OP  ELECTRIC  LIGHT. 
ING.  Bv  Ala*  A.  Campbell  Swinton.  Associate  S.E.E.  Second  Edition, 
Enlarged  and  Revised.    With  16  Illustrations.   Crown  8vo,  is.  64.  cloth. 


''Anyomwhodesfreaashort  end  thoroughly  dear  eaposfcion  of  the  elementary  prtndplai  of 
^.i^.k^ «.  d0  bettw  y^  ^t  tu,  uttis  work. J— *r-4*rvi  <"■"" 


iUectricity. 

A  MANUAL  OP  ELECTRICITY:  Including  Galvanism,  Mag. 
netism,  Dia- Magnetism,  BUctro-Dynamics,  Magno-Blectncny,  and  the  Rleveri* 
Telegraph.    By  Hbmrt  M.  Noad,  Ph.D.,  F.R.S.,  F.CS.    Fourth  Edition. 
With  500  Woodcuts.    8to,  £i  as.  cloth. 
'  Ttfewc^y  of  a  phice  In  the  library  of  every  public  liistrtntion."— JrVgwy  yntmml. 

l>f/namo  Construction* 

HOWTOMAKEA  DYNAMO :  A  Practical  Treatise  for  Amateurs, 
Containing  numerous  Illustrations  and  Detailed  Instructions  for  Construct- 
ing a  Small  Dynamo,  to  Produce  the  Electric  Light.  By  Alfred  Crofts. 
Third  Bdhion,  Revised  and  Enlarged.  Crown  8vo,  is.  cloth. 
"The  {attractions  given  In  this  unpretentious  little  book  are  sufficiently  clear  and  explicit  to 
'tie  any  amateur  mechanic  possessed  of  average  skill  and  the  usual  tools  to  be  found  in  on 
tour's  workshop,  to  build  a  practical  dynamo  machine."— BUttriHan. 
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Pneumatics  and  Acoustics. 

PNEUMATICS :  including  Acoustics  and  the  Phenomena  of  Wind 

Currents,  for  the  Use  of  Beginners.      By  Charles  Toiiunson,  F.R.S. 

F.C.S.,  Ac.    Fourth  Edition,  Enlarged,    ismo,  is.  64.  cloth. 

"  Beginners  In  the  study  of  this  important  application  of  science  could  not  have  a  better  manual  " 
—Scotrmm*.  "  A  valuable  and  suitable  tan-book  for  students  of  Acoustics  and  the  Pheno- 
mena of  Wind  Carrenta."— &*<Wmqfftr. 

Conchology. 

A  MANUAL  OP  THE  MOLLUSCA  :  Being  a  Treatise  on  Recent 
and  Fossil  Shells.  By  S.  P.  Woodward.  A.L.S.,  F.G.S.,  late  Assistant 
Palaeontologist  in  the  British  Museum,  with  an  Appendix  on  Recent  and 
Fossil  Conchological  Discoveries,  by  Ralph Tate,  A.L.S.,  F.G.S.  Illustrated 
by  A.  N.  Watbrhouss  and  Tossph  Wilson  Lowry.  With  93  Plates  and 
upwards  of  300  Woodcuts.  Reprint  of  Fourth  Ed.,  1880.  Cr.  8vo,  7*.  64.  cl. 
M  A  moat  valuable  storehouse  of  conchological  and  geological  lnformadon.v-^Scsir«Mr  6Vcxt>. 

Geology* 

RUDIMENTARY  TREATISE  ON  GEOLOGY,  PHYSICAL 
AND  HISTORICAL.  Consisting  of  "Physical  Geology."  which  sets  forth 
the  leading  Principles  of  the  Science ;  and  "  Historical  Geology."  which 
treats  of  the  Mineral  and  Organic  Conditions  of  the  Earth  at  each  successive 
epoch,  especial  reference  being  made  to  the  British  Series  of  Rocks.  By 
Ralph  Tats,  A.L.S..  F.G.S..  Ate.  With  350  Illustrations,  iamo,  5s.  cloth. 
M  The  fulness  of  the  matter  has  elevated  the  book  Into  a  manual.  Its  information  Is  exhaustive 
and  well  arranged."— >Srfew/  Bamrd  ChrtnicU, 

Geology  and  Genesis. 

THE   TWIN  RECORDS  OP  CREATION;   or,  Geology   and 
.  Genesis :  their  Perfect  Harmony  and   Wonderful  Concord.    By  Gkoros  W. 
Victor  lb  Vaux.    Numerous  Illustrations,    reap.  8vo,  5*.  cloth. 
"  A  valuable  contribution  to  the  evidences  of  Revelation,  andoisDoses  very  conclusively  of  the 
arguments  of  those  who  would  set  God's  Works  against  God's  Word.'— Tk*  Rock, 

The  Constellations. 

STAR   GhOUPS:  A  Student's  Guide  to  the  Constellations.    By 

i.  Ellard  Gore,  F.R.A.S.,  M.R.I. A.,  Ac,  Author  of  "The  Scenery  of  the 
leavens."    With  30  Maps.    Small  4to,  55.  cloth,  silvered.       [Just  published. 

Astronomy. 

ASTRONOMY.  By  the  late  Rev.  Robert  Main.  M.A.,  F.R.S., 
formerly  Radcliffe  Observer  at  Oxford.  Third  Edition,  Revised  and  Cor- 
rected to  the  present  time,  by  W.  T.  Lynn,  B.A.,  F.R.A.S.    ismo,  as.  cloth. 

"A  sound  and  simple  treatise,  very  carefully  edited,  and  a  capital  book  for  beginners."— 
iCn**>l*ig<.  [Hmtal  Tim*** 

"  Accurately  brought  down  to  the  requirements  of  the  present  time  by  Mr.  Lyna."— Edmcm* 


NATURAL  SCIENCE,  ttc.  27 


DR.  LARDNER'8  COURSE  OF  NATURAL  PHIL080PHT. 

THE  HANDBOOK  OF  MECHANICS.  Enlarged  and  almost  re- 
written  by  Benjamin  Loewy,  FJULS.  With  378  Illustration*.  Post  8vo, 
61.  cloth. 


"The  perspicuity  of  the  original  haa  been  retained,  and  chapters  which  had  become  obsolete 
have  been  replaced  by  others  of  more  modern  character.  The  explanations  throughout  are 
studiously  popular,  and  care  has  been  taken  to  show  the  application  of  the  various  branches  of 
physics  to  the  industrial  arts,  and  to  the  practical  business  of  m*."— Mining  Jo*ruai. 

"Mr.  Loewy  has  carefully  revised  the  book,  and  brought  it  up  to  modern  requirements.  '— 
Nature. 

'Natural  philosophy  has  had  few  exponents  more  able  or  better  skffled  tai  the  art  of  pope- 
Bf  the  subject  than  Dr.  Lardner ;  and  Mr.  Loewy  is  doing  good  service  m  aiung  this  treatae* 
and  the  others  of  the  series,  for  use  at  the  present  tinta,"— Scotsman. 


THE  HANDBOOK  OF  HYDROSTATICS  AND  PNEUMATICS. 

New  Edition,  Revised  and  Enlarged,  by  Benjamin  Loewy,  F.R.A.S.    With 

236  Illustrations.    Post  8vo,  5*.  cloth. 

"For  those  'who  desire  to  attain  an  accurate  knowledge  of  physical  science  without  the  pro* 
found  methods  of  mathematical  investigation,'  this  work  is  not  merely  intended,  but  well  adapted." 
—ChemiceU  News. 

"The  volume  before  us  has  been  carefully  edited,  augmented  to  nearly  twice  the  bulk  of  the 
former  edition,  and  all  the  most  recent  matter  has  been  added.  .  .  .  It  is  a  valuable  teavbuoa.* 
—Nmturt. 

**  Candidates  for  pass  examinations  will  and  it,  we  think,  specially  suited  to  their  requirements." 
English  Mechanic 

THE  HANDBOOK  OF  HEAT.  Edited  and  almost  entirely  re- 
written by  Benjamin  Loewy,  F.R.A.S.,  &c.  127  Illustrations.  Post  8vo,  6s. 
cloth. 

"The  style  Is  always  dear  and  precise,  and  conveys  Instruction  without  leaving  any  cloudiness 
or  lurking  doubts  XtcY^aA."— Engineering. 

"A  uiost  exhaustive  book  .on  the  subject  on  which  It  treats,  and  is  so  arranged  that  it  can  be 

understood  by  all  who  desire  to  attain  an  accurate  knowledge  of  physical  science Mr. 

Loewy  has  included  aU  the  latest  discoveries  in  the  varied  laws  and  effects  of  heat."— Standard. 

"A  complete  and  handy  text-book  for  the  use  of  students  and  general  readers."— hngiis  h 

THE  HANDBOOK  OF  OPTICS.  ByDiONYSius  Lardnbr,D.C.L., 

formerly  Professor  of  Natural  Philosophy  and  Astronomy  in  University 

College,  London.    New  Edition.   Edited  by  T.  Olver  Harding,  B.A.  Lond., 

of  University  College,  London.    With  398  Illustration*.    Small  bvo,  448 

pages,  55.  cloth. 

"Written  by  one  of  the  ablest  English  scientific  writers,  beautifully  and  elaborately  illustrated." 
Mechanic's  Magasine. 

THE  HANDBOOK  OF  ELECTRICITY,  MAGNETISM,  AND 

ACOUSTICS.  By  Dr.  Lardner.   Ninth  Thousand.    Edit,  by  George  Carey 

Foster,  B.A.,  F.C.S.    With  400  Illustrations.    Small  8vo,  5*.  cloth. 

*'  The  book  could  not  have  been  entrusted  to  anyone  better  calculated  to  preserve  the  terse  and 
mdd  style  of  Lardner,  while  correcting  his  errors  and  bringing  up  his  work  to  the  present  state  of 
scientific  knowledge."— Popular  Science  Review. 


THE  HANDBOOK  OF  ASTRONOMY.  Forming  a  Companion 
to  the  "  Handbook  of  Natural  Philosophy.**  By  Dionysius  Lardner,  D.C.L., 
formerly  Professor  of  Natural  Philosophy  and  Astronomy  in  University 
College,  London.  Fourth  Edition.  Revised  and  Edited  by  Edwin  Dunkin, 
F.R.A.S.,  Royal  Observatory,  Greenwich.  With  38  Plates  and  upwards  of 
too  Woodcuts.  In  One  Vol.,  small  8vo,  550  pages,  9s.  6d.  cloth. 
"  Probably  no  other  book  contains  the  same  amount  of  information  in  so  compendious  and  well- 
arranged  a  form— certainly  none  at  the  price  at  which  this  is  ottered  to  the  public"— Athenaunt. 

"We  can  do  no  other  than  pronounce  this  work  a  most  valuable  manual  of  astronomy,  and  we 
strongly  recommend  it  to  all  who  wish  to  acquire  a  general— but  at  the  same  time  correct— acquaint  • 
ance  with  this  sublime  science.  "—Quarterfy  yournal  of  Science. 

"One  of  the  most  deservedly  popular  books  on  the  subject  .  .  .  We  would  recommend  not 
only  the  student  of  the  elementary  principles  of  the  science,  but  he  who  aims  at  mastering  the 
higher  and  mathematical  branches  of  astronomy,  not  to  be  without  this  work  beside  ham."— Practt- 
eat  Magatine. 

Dr.  Lardner>8  Electric  Telegraph. 

THE  ELECTRIC  TELEGRAPH.     By  Dr.  Lardnbr.     Re- 
vised and  Re- written  by  E.  B.  Bright,  F.R.A.S.    140  Illustrations.    Small 
8vo,  as.  6d.  cloth. 
"  One  of  the  most  readable  books  extant  on  the  Electric  Telegraph.'*—  English  Mechanic 
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DR.  LARDHER'8  UUSEUM  OF  SCIENCE  AND  ART. 


THE  MUSEUM  OF  SCIENCE  AND  ART.  Edited  by 
Dionybius  Lard  nek,  D.C.L.,  formerly  Professor  oi  Natural  Philosophy  and 
Astronomy  in  University  College,  London.  With  upwards  of  i,aoo  Engrav- 
ings on  Wood.  In  6  Double  Volumes,  £i  is.,  in  a  new  and  elegant  doth  bind- 
ing ;  or  handsomely  bound  in  half-morocco,  3x1.  &». 

***  Opinions  of  thb  Press. 

"This  serial,  besides  affording  popular  but  sound  Instruction  on  scientific  subjects,  with  which 
the  humblest  man  in  the  country  ought  to  be  acquainted,  also  undertakes  that  teaching  of  'Com- 
mon Things '  which  every  well-wisher  of  his  kind  is  anxious  to  promote.  Many  thousand  copies  of 
this  serviceable  publication  have  been  printed,  in  the  belief  and  hope  that  the  desire  for  instruction 
and  improvement  widely  prevails ;  and  we  have  no  Mar  that  such  enlightened  faith  wU  meet  with 
disappointment."—  Times. 

"  A  cheap  and  interesting  publication,  afike  Informing  and  attractive.  The  papers  combine 
subjects  of  importance  and  great  scientific  knowledge,  considerable  inductive  powers,  and  a 
popular  style  of  treatment."— Spectator. 

"The  '  Museum  of  Science  and  Art'  Is  the  most  valuable  contribution  that  has  ever  been 
made  to  the  Scientific  Instruction  oi  every  class  of  society."— Sir  DAVID  B&BWSTRB.  in  the 
Nerth  British  Review. 

"  Whether  we  consider  the  liberality  and  beauty  of  the  Illustrations,  the  charm  of  die  writing, 
or  the  durable  interest  of  the  matter,  we  must  express  our  belief  that  there  is  hardly  to  be  found 
among  the  new  books  one  that  would  be  welcomed  by  people  of  so  many  ages  and  classes  as  a 
valuable  present."— £s»m&ur. 

%*  Separate  books  formed  from  the  above,  suitable  for  Workmen's  Libraries, 

Science  Classes,  etc. 

Common  Thing*  Explained.  Containing  Air,  Earth,  Fire,  Water,  Time, 
Man,  the  Eye,  Locomotion,  Colour,  Clocks  and  Watches,  Ax.  033  Illus- 
trations, cloth  gilt,  55. 

The  Microscope.  Containing  Optical  Images,  Magnifying  Glasses,  Origin 
and  Description  of  the  Microscope,  Microscopic  Objects,  the  Solar  Micro- 
scope, Microscopic  Drawing  and  Engraving,  Ac.  147  Illustrations,  cloth 
gilt,  as. 

Popular  Geology,  Containing  Earthquakes  and  Volcanoes,  the  Crust  of 
the  Earth,  &c.    201  Illustrations,  cloth  gilt,  as.  6d. 

Popular  Phytic*,  Containing  Magnitude  and  Minuteness,  the  Atmo- 
sphere, Meteoric  Stones,  Popular  Fallacies,  Weather  Prognostics,  the 
1  hermometer,  the  Barometer,  Sound,  &c.  85  Illustrations,  cloth  gilt,  as.  6*1. 

Steam  and  it*  Uses,  Including  the  Steam  Engine,  the  Locomotive,  and 
Steam  Navigation.    89  Illustrations,  cloth  gilt,  as. 

Popular  Astronomy,  Containing  How  to  observe  the  Heavens— The 
Earth,  Sun,  Moon,  Planets,  Light,  Comets,  Eclipses,  Astronomical  Influ- 
ences, &c.    18a  Illustrations,  4s.  6rf. 

The  Bee  and  White  Ante:  Their  Manners  and  Habits.  With  Illustra- 
tions of  Animal  Instinct  and  Intelligence.    135  Illustrations,  cloth  gilt,  as. 

The  Electric  Telegraph  Popularised.  To  render  intelligible  to  all  who 
can  Read,  irrespective  of  any  previous  Scientific  Acquirements,  the  various 
forms  of  Telegraphy  in  Actual  Operation.  100  Illustrations,  cloth  gilt, 
is.  64.  

Dr.  Lardner's  School  Handbooks* 

NATURAL  PHILOSOPHY  FOR  SCHOOLS.  By  Dr.  Lardnbr. 

3a8  Illustrations.    Sixth  Edition.    One  Vol.,  3s.  6d.  cloth. 

"  A  very  convenient  class-book  for  Junior  students  In  private  schools.  It  Is  Intended  to  convey, 
and  precise  terms,  general  notions  of  all  the  principal  divisions  of  Physical  "-* " 


in  cl . 

British  Quarterly  Review. 

ANIMAL  PHYSIOLOGY  FOR  SCHOOLS,    By  Dr.  Lardnbf  . 
With  zoo  Illustrations.    Second  Edition.    One  Vol.,  3s.  64.  doth. 
•*  Clearly  written,  well  arranged,  and  excellently  Illustrated."— Gardener's  ChrmieU. 
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COUNTING-HOUSE  WORK,  TABLES,  etc. 

Introduction  to  Business* 

LESSONS  IN  COMMERCE.  By  Professor  R.  Gambaro,  of 
the  Royal  High  Commercial  School  at  Genoa.  Edited  and  Revised  by  James 
Gault,  Professor  of  Commerce  and  Commercial  Law  in  King's  College, 
London.    Crown  8vo,  price  about  35.  6  J.  [In  the  press. 

Accounts  for  Manufacturers. 

FACTORY  ACCOUNTS:  Their  Principles  and  Practice.  A 
Handbook  for  Accountants  and  Manufacturers,  with  Appendices  on  the  No- 
menclature of  Machine  Details ;  the  Income  Tax  Acts ;  the  Rating  of  Fac- 
tories; Fire  and  Boiler  Insurance;  the  Factory  and  Workshop  Acts,  &c, 
including  also  a  Glossary  of  Terms  and  a  large  number  of  Specimen  Rulings. 
By  Em  ilk  Garckb  and  J.  M.  Fells.  Third  Edition.  Demy  8vo,  350  pages, 
price  6s.  strongly  bound. 
"A  wy  Interesting  description  of  the  requirements  of  Factory  Accounts.    .    .    .    theprincip.e 

of  assimilating  the  Factory  Accounts  to  the  general  commercial  books  u  one  which  we  thoroughly 

agree  with."— Accountants'  Journal. 

"  There  are  few  owners  of  Factories  who  would  not  derive  great  benefit  from  the  perusal 

of  this  most  admirable  work."— Local  Government  Chronicle. 

Foreign  Commercial  Correspondence. 

THE  FOREIGN  COMMERCIAL  CORRESPONDENT:  Being 
Aids  to  Commercial  Correspondence  in  Five  Languages — English,  French, 
German,  Italian  and  Spanish.     By  Conrad  E.  Baker.     Second  Edition, 
Revised.    Crown  8vo,  3s.  6d.  cloth. 
"Whoever  wishes  to  correspond  in  all  the  languages  mentioned  by  Mr.  Baker  cannot  do  better 

than  study  this  work,  the  materials  of  which  are  excellent  and  conveniently  arranged."— Athenetum. 
"A  careful  examina:i>a  has  convinced  us  that  it  is  unusually  complete,  well  arranged  and 

reliable.    The  book  is  a  tnoroughly  good  one."— schoolmaster. 

Intuitive  Calculations. 

THE  COMPENDIOUS  CALCULATOR;  or,  Easy  and  Con- 
cise Methods  of  Performing  the  various  Arithmetical  Operations  required  in 
Commercial  and  Business  Transactions,  together  with  Useful  Tables.  By 
D.  O'Gorman.  Corrected  by  Professor  J.  R.  Young.  Twenty-seventh  Ed.f 
Revised  by  C.  Norris.  Fcap.  8vo,  25.  6d.  cloth ;  or.  5s.  6</.  half-bound. 
"It  would  be  difficult  to  exaggerate  the  usefulness  of  a  book  like  this  to  everyone  engaged  in 
commerce  or  manufacturing  industry."— Knowledge. 

"  Supplies  special  and  rapid  methods  for  all  kinds  of  calculations.    Of  great  utility  to  persons 
engaged  in  any  kind  of  commercial  transactions."— Scotsman. 

Modern  Metrical  Units  and  Systems. 

MODERN  METROLOGY :   A  Manual  of  the   Metrical   Units 


"The  author  has  brought  together  much  valuable  and  interesting  information.  .  .  .  We 
cannot  but  recommend  the  work."— Nature. 

"  For  exhaustive  tables  of  equivalent  weights  and  measures  of  all  sorts,  and  for  clear  demonstra- 
tions of  the  effects  of  the  various  systems  that  have  been  proposed  or  adopted,  Mr.  Jackson  s 
treatise  is  without  a  rival."— Academy. 

The  Metric  System  and  the  British  Standards. 

A  SERIES  OF  METRIC  TABLES,  in  which  the  British  Stand- 
ard Measures  and  Weights  are  compared  with  those  of  the  Metric  System  at  present 
in  Use  on  the  Continent.  By  C.  H.  Dowling,  C.E.  8vo,  10$.  6d.  strongly  bound. 

"Their  accuracy  has  been  certified  by  Professor  Airy,  the  Astronomer-Royal."— Builder. 

"Mr.  Dowling's  Tables  are  well  put  together  as  a  ready-reckoner  for  the  conversion  of  one 
system  into  the  other."— AtMenaum. 

Iron  and  Metal  Trades9  Calculator. 

THE  IRON  AND  METAL  TRADES'  COMPANION.  For 
expeditiously  ascertaining  the  Value  of  any  Goods  bought  or  sold  by  Weight, 
from  is.  per  cwt.  to  zxas.  per  cwt.,  and  from  one  farthing  per  pound  tc  one 
shilling  per  pound.  Each  Table  extends  from  one  pound  to  100  tons.  To 
which  are  appended  Rules  on  Decimals,  Square  and  Cube  Root.  Mensuration 
ot  Superficies  and  Solids,  &c. ;  also  Tables  of  Weights  of  Materials,  and  other 
Useful  Memoranda.  By  Thos.  Dowmib.  Strongly  bound  in  leather,  396  pp.,  05 
"  A  most  useful  set  of  tables.  .  .  .  Nothing  like  them  before  existed."—  Building  W 
11  Although  specially  adapted  to  the  iron  and  metal  trades,  the  tables  wfll  be  founa  useful  in 
r  other  business  in  which  merchandise  is  bought  and  sold  by  weight."— Raitmaj  News. 
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Calculator  far  Numbers  and  Weights  Combined. 

THE  NUMBER,  WEIGHT  AND  FRACTIONAL  CALCU- 
LATOR. Containing  upwards  of  250,000  Separate  Calculation*,  showing  at 
a  glance  the  value  at  422  diflerent  rates,  ranging  from  T|ith  of  a  Penny  to 
20s.  each,  or  per  cwt.,  and  £20  per  ton,  of  any  number  of  articles  consecu- 
tively, from  1  to  470.— Any  number  of  cwts..  are.,  and  lbs.,  from  z  cwt.  to  470 
cwts.— Any  number  of  tons,  cwts.,  qrs.,  ana  lbs.,  from  z  to  1,000  tons.  By 
William  Chadwick,  Public  Accountant.  Third  Edition,  Revised  and  Im- 
proved. 8vo,  price  x8s.,  strongly  bound  for  Office  wear  and  tear. 

*,*  This  vorh  is  specially  adapted  for  the  Apportionment  of  Mileage  Charges 
for  Railway  Traffic, 

fcar  This  comprehensive  and  entirely  unique  and  original  Calculator  is  adapted 
for  the  use  of  Accountants  and  Auditors,  Railway  Companies,  Canal  Companies, 
Shippers,  Shipping  Agents,  General  Carriers,  etc. 

I  ron/ounderSf  Br  ass  founders,  Metal  Merchants,  Iron  Manufacturer*,!  ronmoarers. 
Engineers,  Machinists,  Boiler  Makers,  Millwrights,  Roofing,  Bridge  and  Girder 
Makers,  Colliery  Proprietors,  etc. 

Timber  Merchants,  Builders,  Contractors,  Architects,  Surveyors,  Auctioneers 
Valuers,  Brokers,  Mill  Owners  and  Manufacturers,  Mill  Furnishers,  Merchant*  and 
General  Wholesale  Tradesmen. 

*,*  Opinions  op  trk  Press. 

"  The  book  contains  the  answers  to  questions,  and  not  simply  a  set  of  tageoJoua  posslo 
methods  of  arriving  at  results.  1 1  is  as  easy  of  reference  for  any  answer  or  any  number  of  answers 
a*  a  dictionary,  ana  the  references  are  even  more  quickly  made.  For  making-  up  accounts  or  esti- 
mates, the  book  must  prove  invaluable  to  all  who  nave  any  considerable  quantity  of  calculations 
involving  price  and  measure  In  any  combination  to  do."— Engineer. 

"  The  most  perfect  work  of  the  kind  yet  prepared."— Glasgow  Herald. 

Comprehensive  Weight  Calculator. 

THE  WEIGHT  CALCULATOR.  Being  a  Series  of  Tables 
upon  a  New  and  Comprehensive  Plan,  exhibiting  at  One  Reference  the  exact 
value  of  any  Weight  from  z  lb.  to  15  tons,  at  300  Progressive  Rates,  from  id. 
to  1685.  per  cwt.,  and  containing  186,000  Direct  Answers,  which,  with  their 
Combinations,  consisting  of  a  single  addition  (mostly  to  be  performed  at 
sight),  will  afiord  an  aggregate  of  10,266,000  Answers;  the  whole  being  calcu- 
lated and  designed  to  ensure  correctness  and  promote  despatch.  By  Henry 
Harbbh,  Accountant.  Fourth  Edition,  carefully  Corrected.  Royal  8vo, 
strongly  half-bound,  £1  5s. 

"  A  practical  and  useful  work  of  reference  for  men  of  business  generally ;  it  is  the  bast  of  the 
kind  we  have  seen.'  —Ironmonger. 
X  priceless  value  to  business 
fittd  Independent. 

Comprehensive  Discount  Guide. 

THE  DISCOUNT  GUIDE.  Comprising  several  Series  of 
Tables  for  the  use  of  Merchants,  Manufacturers,  Ironmongers,  and  others, 
by  which  may  be  ascertained  the  exact  Profit  arising  from  any  mode  of  using 
Discounts,  either  in  the  Purchase  or  Sale  of  Goods,  and  the  method  of  either 
Altering  a  Rate  of  Discount  or  Advancing  a  Price,  so  as  to  produce,  by  one 
operation,  a  sum  that  will  realise  any  required  profit  after  allowing  one  or 
more  Discounts :  to  which  are  added  Tables  of  Profit  or  Advance  from  1$  to 
00  per  cent.,  Tables  of  Discount  from  1 J  to  o8|  per  cent.,  and  Tables  of  Com- 
mission, &c,  from  i  to  zo  per  cent  By  Hxnry  Harben,  Accountant,  Author 
of  "  The  Weight  Calculator."  New  Edition,  carefully  Revised  and  Corrected. 
Demy  8vo,  544  pp.  half-bound,  £1  5s. 

"  A  book  sucti  as  this  can  only  be  appreciated  by  business  men,  to  whom  the  saving  of  timet 
means  saving  of  money.    We  have  the  nigh  authority  of  Professor  J.  R.  Young  that  the  tables 
throughout  the  work  are  constructed  upon  strictly  accurate  principles.      The  work  is  a  mode 
of  tyi>ographical  clearness,  and  must  prove  of  great  value  to  merchants,  manufacturers,  and 
general  traders."— British  Trade  Journal. 

Iron  Shipbuilders9  and  Merchants9  Weight  Tables. 

IRON-PLATE  WEIGHT  TABLES:  For  Iron  Shit  builders, 
Engineers  and  Iron  Merchants.  Containing  the  Calculated  Weights  of  up- 
wards of  150,000  different  sires  of  Iron  Plates,  from  z  foot  by  6  in.  by  $  in.  to 
xo  feet  by  5  feet  by  z  in.  Worked  out  on  the  basis  of  40  lbs.  to  the  square 
foot  of  Iron  of  z  inch  in  thickness.  Carefully  compiled  and  thoroughly  Re- 
vised by  H.  Burlinson  and  W.  H.  Simpson.    Oblong  4*0, 25s.  half-bound. 

••  This  work  will  be  found  of  great  utility.  The  authors  have  had  much  practical  experience 
of  what  is  wanting  in  making  estimates;  and  the  use  of  the  book  «fll  save  much  time  m  making 
elakotate  c^i^uUaom."—£ugHsh  Mechanic. 


Of  priceless  value  to  business  men.    It  is  a  necessary  book  in  all  mercantile  officea,"— sSAc/'- 
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INDUSTRIAL  AND  USEFUL  ARTS. 

Soap-making. 

THE  ART  OF  SOAP-MAKING:  A  Practical  Handbook  of  the 
Manufacture  of  Hard  and  Soft  Soaps,  Toilet  Soap*,  etc.  Including  many  New 
Processes,  and  a  Chapter  on  the  Recovery  of  Glycerine  from  waste  Leys. 
By  Alexander  Watt.  Author  oi  "  Electro-Metallurgy  Practically  Treated," 
Ac  With  numerous  Illustrations.  Fourth  Edition,  Revised  ana  Enlaced. 
Crown  8vo,  7s.  &f.  cloth. 

"The  work  will  prove  very  useful,  not  merely  to  the  technological  student,  bat  to  the  practical 
soap-boiler  who  wishes  to  understand  the  theory  of  hit  *t\."— Chemical  Mews. 

"Mr.  Watt's  hook  is  a  thoroughly  practical  treatise  00  an  art  which  has  almost  no  literature  la 
our  language.  We  congratulate  the  author  on  the  success  of  his  endeavour  to  fill  a  void  in  Bngtttli 
technical  luerature.''— Ao/Mrr. 

J?aper  Making. 

THE  ART  OF  PAPER  MAKING  :  A  Practical  Handbook  of  the 
Manufacture  of  Paper  from  /?*£*.  Esparto,  Straw  and  other  Fibrous  Materials, 
Including  the  Manufacture  of  Pulp  from  Wood  Fibre,  with  a  Description  ot 
the  Machinery  and  Appliances  used.  To  which  are  added  Details  of 
Processes  for  Recovering  Soda  from  Waste  Liquors.  By  Alexander  Watt. 
With  Illustrations.   Crown  8vo,  7*.  6d.  cloth. 

"This  book  is  succhict  lucid,  thoroughly  practical,  and  Includes  everything  of  interest  to  the 
modern  paper  maker.  It  is  the  latest,  most  practical  and  most  complete  work  on  the  paper-making 
art  before  the  British  public."-  Paper  Record. 

"  It  may  be  regarded  as  the  standard  work  on  the  subject.  The  book  Is  full  of  valuable  in- 
formation. The  *  Art  of  Paper-making.'  is  in  every  respect  a  model  of  a  text-book,  either  for  a 
technical  class  or  for  the  private  student."— Paper  and  Printing  Trader  Journal. 

"  Admirably  adapted  for  general  as  well  as  ordinary  technical  reference,  and  as  a  handbook 
for  students  in  technical  education  may  be  warmly  commended."—  The  Paper  Maker's  Monthly 
'Journal. 

Leather  Manufacture. 

THE  ART  OF  LEATHER  MANUFACTURE.  Being  a 
Practical  Handbook,  in  which  the  Operations  of  Tanning,  Currying,  and 
Leather  Dressing  are  fully  Described,  the  Principles  of  Tanning  Explained 
and  many  Recent  Processes  introduced.  By  Alexander  Watt,  Author  of 
"  Soap-Making/'  Ac.  With  numerous  illustrations.  Second  Edition.  Crowu 
8vo,  os.  cloth. 
"  A  sound,  comprehensive  treatM  on  tanning  and  its  accessories.    This  book  Is  an  eminently 

valuable  production,  wtucn  redounas  to  the  credit  ot  both  author  and  publishers."— Chemical 

Review. 

"This  volume  is  technical  without  being  tedious,  comprehensive  and  complete  without  being 

prosy,  and  it  bears  on  every  page  the  impress  of  a  master  band.    We  have  never  come  across  a 

better  trade  treatise,  nor  one  that  so  thoroughly  supplied  an  absolute  want."— sSAar  and  Leather 

Trades'  Chronicle. 

Boot  atul  Shoe  Making* 

THE  ART  OF  BOOT  AND  SHOE-MAKING.     A  Practical 

Handbook,  including  Measurement,  Last-Fitting,  Cutting-Out,  Closing  and 

Making,  with  a  Description  of  the  most  approved  Machinery  employed. 

By  John  B.  Leno.  late  fclditor  of  St.  Crispin,  and  The  Boot  and  Shoe-Maker. 

with  numerous  Illustrations     Third  Edition,    iamo,  zs.  cloth  limp. 

"  This  excellent  treatise  is  by  far  the  best  work  ever  written  on  the  subject.    A  new  work, 

embracing  all  modern  improvements,  was  much  wanted.  This  want  is  now  satisfied.    The  chapter 

on  clicking,  which  show*  how  waste  may  be  prevented,  will  save  fifty  times  the  price  of  the  book." 

—Scottish  Leather  Trader. 

Dentistry. 

MECHANICAL  DENTISTRY:  A  Practical  Treatise  on  the 
Construction  of  the  various  kinds  of  Artificial  Denture*.  Comprising  also  Use- 
ful Formulas,  Tables  and  Receipts  for  Gold  Plate,  Clasps,  Solders,  &c.  Ac. 
By  Charlbb  Hunter.  Third  Edition,  Revised.  With  upwards  of  100 
Wood  Engravings.  Crown  8vo,  3*. 6d.  cloth. 
"  The  work  is  very  practical."-  Monthly  Review  of  Dental  Surgery. 

"  Wo  can  strongly  recommend  Mr.  Hunter's  treatise  to  all  students  preparing  for  the  profession 
of  dentistry,  as  well  as  to  every  mechanical  dentist.  M—0M*ftN  Journal  of  Medical  Science. 

Wood  Engraving. 

WOOD  ENGRA  VING:  A  Practical  and  Easy  Introduction  to  the 
Study  of  the  Art.  By  William  Norman  Brown.  Second  Edition.  With 
numerous  Illustrations.    12010,  is.  64.  cloth  limp. 

"  The  book  is  clear  and  complete,  and  will  be  useful  to  anyone  wanting  to  understand  the  first 
elements  of  the  beautiful  art  of  wood  engraving."— Graphic. 
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HAHDYB00K8  FOR  HANDICRAFTS.    By  PAUL  N.  HAS  LUCK. 

Metal  Turning. 

THE  METAL  TURNER'S  HANDYBOOK.  A  Practical  Manual 
for  Workers  at  the  Foot-Lathe:  Embracing  Information  on  the  Tools, 
Appliances  and  Processes  employed  in  Metal  Turning.  By  Paul  N.  Has- 
luck,  Author  of  "  Lathe- Work."  With  upwards  of  One  Hundred  Illustra- 
tions. Second  Edition,  Revised.  Crown  8vo,  as.  cloth. 
"  Clearly  and  concisely  written,  excellent  in  every  way."— »Jf*«c*qwftttf  World. 

Wood  Turning. 

THE  WOOD  TURNER'S  HANDYBOOK.  A  Practical  Manual 
for  Workers  at  the  Lathe:  Embracing  Information  on  the  Tools,  Appliances 
and  Processes  Employed  in  Wood  Turning.  By  Paul  N.  Hasluck.  With 
upwards  of  Oue  Hundred  Illustrations.  Crown  8vo,  as-  cloth. 
"we  recommend  the  book  to  young  turners  and  amateurs.  A  multitude  of  workmen  have* 
hitherto  sought  in  nun  for  a  manual  of  this  special  industry."— Mechanical  World. 

WOOD  AND  METAL  TURNING.  By  P.  N.  Hasluck. 
(Being  the  Two  preceding  Vols,  bound  together.)  300  pp.,  with  upwards  of 
200  Illustrations,  crown  8vo,  3s.  6d.  cloth. 

Watch  Repairing. 

THE  WATCH  JOBBER'S  HANDYBOOK.  A  Practical  Manual 
on  Cleaning,  Repairing  and  Adjusting.  Embracing  Information  on  the  Tools, 
Materials,  Appliances  and  Processes  Employed  in  Watchwork.  By  Paul  N. 
Hasluck.  With  upwards  of  One  Hundred  Illustrations.  Cr.  8vo,  2s.  cloth. 
"  All  young  persons  connected  with  the  trade  should  acquire  and  study  this  excellent,  and  at 
the  same  time,  inexpensive  nvtk."—£lerkenweU  Cnronicle. 

Clock  'Repairing. 

THE  CLOCK  JOBBER'S  HANDYBOOK :  A  Practical  Manual 
on  Cleaning,  Repairing  and  A  d justing.   Embracing  Information  on  the  Tools, 
Materials,  Appliances  and  Processes  Employed  in  Clockwork.    By  Paul  N. 
Hasluck.   Withupwards  of  100  Illustrations.  Cr.  8vo,  as.  cloth. 
"  Of  inestimable  service  to  those  commencing  the  trade."— Coventry  Standard. 

WATCH  AND  CLOCK  JOBBING.  By  P.  N.  Haslock. 
(Being  lhe  Two  preceding  Vols,  bound  together.)  320  pp.,  with  upwards  of 
aoo  Illustrations,  crown  8vo,  3s.  6d.  cloth. 

Pattern  Making. 

THE   PATTERN  MAKER'S   HANDYBOOK.     A  Practical 

Manual,  embracing  Information  on  the  Tools.  Materials  and  Appliances  em- 
ployed in  Constructing  Patterns  for  Founders.  By  Paul  N.  Hasluck. 
With  One  Hundred  Illustrations.   Crown  8vo,  as.  cloth. 

"This  handy  volume  contains  sound  information  of  considerable  value  to  students  and 
artificers."— Hardware  Trades  Journal. 

Mechanical  Manipulation. 

THE  MECHANICS  WORKSHOP  HANDYBOOK.  A  Practical 
Manual  on  Mechanical  Manipulation.  Embracing  Information  on  various 
Handicraft  Processes,  with  Useful  Notes  and  Miscellaneous  Memoranda. 
By  Paul  N.  Hasluck.  Crown  8vo,  as.  cloth. 
"  It  K  a  book  which  should  be  found  in  every  workshop,  as  it  is  one  which  wQl  be  continually 
referred  to  for  a  very  great  amount  of  standard  information."— Saturday  Review. 

Model  Engineering. 

THE  MODEL  ENGINEER'S  HANDYBOOK :  A  Practical 
Manual  on  Model  Steam  Engines.  Embracing  Information  on  the  Tools, 
Materials  and  Processes  Employed  in  their  Construction.  By  Paul  N. 
Hasluck.  With  upwards  of  zoo  Illustrations.  Crown  8vo,  as.  cloth. 
"  By  carefully  going  through  the  work,  amateurs  may  pick  up  an  excellent  notion  of  the  con- 
struction of  full-sized  steam  engines." — Telegraphic  Journal. 

Cabinet  Making. 

THE  CABINET  WORKER'S  HANDYBOOK :  A  Practical 
Manual,  embracing  Information  on  the  Tools,  Materials,  Appliances  and 
Processes  employed  in  Cabinet  Work.  By  Paul  N.  Hasluck,  Author  of 
"  Lathe  Work,"  Ac.    With  upwards  of  100  Illustrations.    Crown  8vo,  as. 

Cloth.  {Glasgow  Herald. 

"  Thoroughly  practical  throughout    The  amateur  worker  in  wood  will  find  it  moss  useful"— 
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Electrolysis  of  Gold,  Silver,  Copper,  etc. 

ELECTRO-DEPOSITION :  A  Practical  Treatise  on  the  Electrolysis 
of  Gold.  Silver,  Copper,  Nickel,  and  other  Metals  and  Alloys.  With  descrip- 
tions of  Voltaic  Batteries,  Magneto  and  Dynamo-Electric  Machines,  Ther- 
mopiles, and  of  the  Materials  and  Processes  used  in  every  Department  of 
the  Art,  and  several  Chapters  on  Electro- Metallurgy.  By  Alexander 
Watt.  Third  Edition,  Revised  and  Corrected.  Crown  8vo,  9s.  cloth. 
Eminently  a  book  for  the  practical  worker  in  electro-deposition.  It  contains  practical 
of  j  " 


descriptions  of  methods,  pro  canes  and  materials  as  actually  pursued  and  used  In  the  workshop. 
— Engineer. 

Electro-Metallurgy. 

ELECTRO-MET  A  LL  URG  Y ;  Practically  Treated.  By  Alexander 
Watt.  Author  of  "  Electro- Deposition,"  Sec.  Ninth  Edition,  Enlarged  and 
Revised,  with  Additional  Illustrations,  and  including  the  most  recent 
Processes,  xsmo,  4s.  cloth  boards. 

"From  this  book  both  amateur  and  artisan  may  learn  everything  necessary  for  the  successful 
prosecutkiu  of  electroplating."— Iron, 

Electroplating. 

ELECTROPLATING:  A  Practical  Handbook  on  the  Deposi- 
tion of  Copper,  Silver,  Nickel,  Gold,  Aluminium,  Brass,  Platinum,  &c.  &c. 
With  Descriptions  of  the  Chemicals,  Materials,  Batteries  and  Dynamo 
Machines  used  in  the  Art.  By  J.  W.  Urquhart,  C.E.  Second  Edition,  with 
Additions.  Numerous  Illustrations.  Crown  8vo,  55.  cloth. 
"  An  excellent  practical  manual." — Engineering. 
"  An  excellent  work,  giving  the  newest  information."— Horologieal  Journal. 

Electrotyping. 

ELECT  ROTY PING  :  The  Reproduction  and  Multiplication  of  Print- 

mg  Surfaces  and  Works  of  Art  by  the  Blectro-deposUion  of  Metals.    By  J.  W. 

Urquhart,  C.E.    Crown  8vo,  5s.  cloth. 

"  The  book  is  thoroughly  practical.  The  reader  Is,  therefore,  conducted  through  the  leading 
laws  of  electricity,  then  through  the  metals  used  by  electrotypers,  the  apparatus,  andthe  depositing 
processes,  up  to  the  final  preparation  of  the  work."— ^<rr  Journal. 

Horology. 

A  TREATISE  ON  MODERN  HOROLOGY,  in  Theory  and  Prac- 
tice. Translated  from  the  French  of  Claudius  Saumibr,  by  Julisn  Trif- 
plin,  F.R.A.S.,  and  Edward  R100,  M.A.,  Assayer  in  the  Royal  Mint  With 
78  Woodcuts  and  22  Coloured  Plates.  Second  Edition.  Royal  8vo,  £2  as. 
cloth ;  £2  10s.  half-calf. 
"There  to  no  horologtcal  work  in  the  English  language  at  all  to  be  compared  to  this  produc- 


tion of  M.  Saunter's  for  clearness  and  completeness.    It  is  alike  good  as  a  guide  for  the  student  and 
as  a  reference  for  the  experienced  horologist  and  skilled  workman."— Horological  Journal. 

••  The  latest,  the  most  complete,  and  the  most  reliable  of  those  literary  productions  to  which 
continental  watchmakers  are  indebted  for  the  mechanical  superiority  over  their  English  brethren 
-in  fact  the  Book  of  Books,  b  M.  Saunter's '  Treatise,  '"-Watchmaker,  Jeweller  and  Silversmith. 

Watchmaking. 

THE  WATCHMAKER'S  HANDBOOK.  A  Workshop  Com- 
panion for  those  engaged  in  Watchmaking  and  the  Allied  Mechanical  Arts. 
From  the  French  of  Claudius  Saunier.  Enlarged  by  Julisn  Tripplin, 
F.R.A.S.,  and  Edward  Rioo,  M.A.,  Assayer  in  the  Royal  Mint.  Woodcuts 
and  Copper  Plates.  Third  Edition,  Revised.    Crown  8vo,  gs.  cloth. 

1  Each  part  is  truly  a  treatise  in  itself.    The  arrangement  is  (rood  and  the  language  is  clear  and 
so.    It  is  an  admirable  *  uide  for  the  young  watchmaker."— Engineering. 
It  is  impossible  to  speak  too  highly  of  its  excellence.    It  fulfils  every  requirement  In  a  hand* 

book  intended  for  the  use  of  a  workman.  "—Watch  and  Clockmaker. 

"  This  book  contains  an  immense  number  of  practical  details  bearing  on  the  daily  occupation 

of  a  watchmaker."—  Watchmaker  and  Metalworker  (Chicago). 

Goldsmiths9  Work. 

THE  GOLDSMITH'S  HANDBOOK.  By  Georob  E.  Gee, 
Jeweller,  4c.  Third  Edition,  considerably  Enlarged,  xamo,  3*.  to.  cl.  bds. 
•rA  good,  soend  educator,  and  will  be  accepted  as  an  Mathceitj."^Jloro/«gicmi  Journal, 

Silversmiths9  Work. 

THE  SILVERSMITH'S  HANDBOOK.  By  George  E.  Gee, 
Jeweller.  Ac.  Second  Edition,  Revised,  with  numerous  Illustrations,  xamo, 
$s.  64.  cloth  boards. 

"Workers  in  the  trade  will  speedily  discover  its  merits  when  they  sit  down  to  study  it"— 
BngHsh  Mechanic  m      r 

*♦*  The  above  two  works  together,  strongly  half-bound,  price  7s. 
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Bread  and  Biscuit  Baking. 

THE  BREAD  AND  BISCUIT  BAKER'S   AND   SUGAR- 
BOILER'S  ASSISTANT.    Including  a  large  variety  of  Modern  Recipes. 
With  Remarks  on  the  Art  of  Bread-making.     By  Robert  Wells,  Practical 
Baker.    Second  Edition,  with  Additional  Recipes.    Crown  8vo,  is.  cloth. 
"  A  large  number  of  wrinkles  for  the  ordinary  cook,  as  well  as  the  baker."— Saturday  Htvieta. 

Confectionery. 

THE  PASTRYCOOK  AND  CONFECTIONER'S  GUIDE. 
For  Hotels,  Restaurants  and  the  Trade  in  general,  adapted  also  for  Family 
Use.  By  Robert  Wells,  Author  of  "  The  Bread  and  Biscuit  Baker's  and 
Sugar  Boiler's  Assistant."    Crown  8vo,  zs.  cloth. 

"  We  cannot  speak  too  highly  of  this  really  excellent  work.    In  these  days  of  keen  competition 
our  readers  cannot  do  better  than  purchase  this  book."— Bakers'  Times. 

Ornamental  Confectionery. 

ORNAMENTAL  CONFECTIONERY :  A  Guide  for  Bakers, 
Confectioners  and  Pastrycooks ;  including  a  variety  of  Modern  Recipes,  and 
Remarks  on  Decorative  and  Coloured  Work.  With  129  Original  Designs. 
By  Robert  Wells.    Crown  8vo,  55.  cloth. 

"  A  valuable  work,  and  should  be  in  the  hands  of  every  baker  and  confectioner.    The  flkxs- 
trative  designs  are  alone  worth  treble  the  amount  charged  for  the  whole  work."— Bayers'  Times. 

Flour  Confectiotiery. 

THE  MODERN  FLOUR  CONFECTIONER.  Wholesale  and 
Retail.  Containing  a  large  Collection  of  Recipes  for  Cheap  Cakes,  Biscuits, 
Ace.  With  Remarks  on  the  Ingredients  used  in  their  Manufacture,  ftc  By 
R.  Wells,  Author  of  "  Ornamental  Confectionery,"  "  The  Bread  and  Biscuit 
Baker,"  M  The  Pastrycook's  Guide,"  Sec.    Crown  8vo,  as.  cloth. 

Laundry  Work. 

LA  UNDRY  MANAGEMENT.  A  Handbook  for  Use  in  Private 
and  Public  Laundries,  Including  Descriptive  Accounts  of  Modern  Machinery 
and  Appliances  for  Laundry  Work.  By  the  Editor  of  '*  The  Laundry 
Journal. '    With  numerous  Illustrations.    Crown  8vo,  ss.  6d.  cloth. 


CHEMICAL  MANUFACTURES  6  COMMERCE. 

New  Manual  of  Engineering  Chemistry. 

ENGINEERING  CHEMISTRY :   A  Practical  Treatise  for  the 

Use   of  Analytical   Chemists,  Engineers,  Iron    Masters,    Iron    Founders, 

Students,  and  others.    Comprising  Methods  of  Analysis  and  Valuation  of  the 

Principal  Materials  used  in  Engineering  Work,  with  numerous  Analyses, 

Examples,   and   Suggestions.       By  H.  Joshua    Phillips,  F.I.C.,  F.C.S., 

Analytical  and  Consulting  Chemist  to  the  Great  Eastern  Railway.  Crown  8vo, 

330  pp.,  with  Illustrations,  xos.  6d.  cloth.  [Just  published, 

"  In  this  work  the  author  has  rendered  no  small  service  to  a  numerous  body  of  practical  men. 

.    .    .    The  analytical  methods  may  be  pronounced  most  satisfactory,  being  as  accurate  as  the 

despatch  required  of  engineering  chemists  permits."—  Chemical  News. 

Analysis  and  Valuation  of  Fuels. 

FUELS:  SOLID,  LIQUID  AND  GASEOUS,  Their  Analysis 
and  Valuation.  For  the  Use  of  Chemists  and  Engineers.  By  H.  J.  Phillips, 
F.C.S.,  Analytical  and  Consulting  Chemist  to  the  Great  Eastern  Railway. 
Crown  8vo,  3s.  6d.  cloth. 

"  Ought  to  have  its  place  in  the  laboratory  of  every  metallurgical  establishment,  and  wherever 
fuel  is  used  on  a  large  scale."— CAiwtica/  News. 

-  Cannot  fail  to  be  of  wide  interest,  especially  at  the  present  time."— Railway  News. 

Alkali  Trade,  Manufacture  of  Sulphuric  Acid\  etc. 

A  MANUAL  OF  THE  ALKALI  TRADE,  including  the 
Manufacture  of  Sulphuric  Acid,  Sulphate  of  Soda,  and  Bleaching  Powder. 
By  John  Lom  as.  390  pages.  With  23a  Illustrations  and  Working  Drawings. 
Second  Edition.    Royal  8vo,  £1  xos.  cloth. 

"This  book  fa  written  by  a  manufacturer  for  manufacturers.  The  working  detaih  of  the  most 
approved  forms  of  apparatus  are  given,  and  these  are  accompanied  by  no  less  than  r*  wood  en- 
gravings, all  of  which  may  be  used  for  the  purposes  of  construction."-  Athttutum. 
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The  Blowpipe. 

THE  BLOWPIPE  IN  CHEMISTRY,  MINERALOGY,  AND 
GEOLOGY.  Containing  all  known  Methods  of  Anhydrous  Analysis,  Work- 
ing Examples,  and  Instructions  for  Making  Apparatus.  By  Lieut. -Col.  W.  A. 
Ross,  &A.    With  iao  Illustrations.    New  Edition.    Crown  8vo,  5s. 

"The  student  who  goes  through  the  course  of  experimentation  here  laid  down  will  gain  a 
better  insight  into  Inorganic  chemistry  and  mineralogy  than  if  he  had  'got  up'  any  of  the  best 
text-books  of  the  day,  and  passed  any  number  of  Bramtnarions  in  their  contents.  —Chemical  News. 

Commercial  Chemical  Analysis. 

THE  COMMERCIAL  HANDBOOK  OF  CHEMICAL  ANA- 
LYSIS; or,  Practical  Instructions  tor  the  determination  oi  the  Intrinsic  or 
Commercial  Value  of  Substances  used  in  Manufactures,Trades,  and  the  Arts. 
By  A.  Normandy.  New  Edition  by  H.  M.  Noad,  F.R.S.  Cr.  8vo,  its.  6d.  cl. 
"Essential  to  the  analysts  appointed  under  the  new  Act.  The  moat  recent  results  are  given, 
and  the  work  b  well  edited  and  carefully  written.  "—Nature. 

Brewing. 

A  HANDBOOK  FOR  YOUNG  BREWERS.  By  Herbert 
Edwards  Wright,  B.  A.    New  Edition,  much  Enlarged.  [In  the  press. 

Dye-Wares  and  Colours. 

THE  MANUAL  OF  COLOURS  AND  DYE-WARES :  Their 
Properties,  Applications,  Valuation,  Impurities,  and  Sophistications.   For  the 
use  of  Dyers,  Printers,  Drysalters,  Brokers,  &c.    By  J.  W.  Slater.    Second 
Edition,  "Revised  and  greatly  Enlarged.    Crown  8vo,  ys.  64.  cloth. 
"A  complete  encyclopaedia  of  the  materia  tinctoria.    The  information  given  respecting  each 

article  is  full  and  precise,  and  the  methods  of  determining  the*value  of  articles  such  as  these,  so 

liable  to  sophistication,  are  given  with  clearness,  and  are  practical  as  well  as  valuable."— Chemist 

and  Druggist. 

"  There  Is  no  other  work  which  covers  precisely  the  same  ground.    To  students  preparing 

or  examinations  in  dyeing  and  printing  it  wOl  prove  exceedingly  useful."— Chemical  News. 

Figments. 

THE  ARTIST'S  MANUAL  OF  PIGMENTS.  Showing 
their  Composition,  Conditions  of  Permanency,  Non-Permanency,  and  Adul- 
terations ;  Effects  in  Combination  with  Each  Other  and  with  Vehicles  {  and 
the  most  Reliable  Tests  of  Purity.  By  H.  C.  Standaqk  Second  Edition. 
Crown  8vo,  2s.  6d.  cloth. 

"  This  work  is  indeed  multum-ln-farvo,  and  we  can,  with  good  conscience,  recommend  it  to 
all  who  come  in  contact  with  pigments,  whether  as  makers,  dealers  or  users."— Chemical  Review. 

Gauging.    Tables  and  Mules  for  Revenue  Officers, 

Brewers,  etc 

A   POCKET  BOOK  OF  MENSURATION  AND  GAUGING  : 
Containing  Tables,  Rules  and  Memoranda  for  Revenue  Officers,  Brewers, 
Spirit  Merchants,  &c.    By  J.  B.  Mant  (Inland  Revenue).     Second  Edition 
Revised.    Oblong  i8mo,  4s.  leather,  with  elastic  band. 

'*  This  handy  and  useful  book  is  adapted  to  the  requirements  of  the  Inland  Revenue  Depart- 
ment, and  will  be  a  favourite  book  of  reference.'*— Civilian. 

"  Should  be  in  the  hands  of  every  practical  brewer."— Brewers'  Journal. 
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Touatt  and  Burn's  Complete  Grazier. 

THE  COMPLETE  GRAZIER,  and  FARMER'S  and  CATTLE- 
BREEDER'S  ASSISTANT.  Including  the  Breeding,  Rearing,  and  Feeding 
of  Stock :  Management  of  the  Dairy,  Culture  and  Management  of  Grass 
Land,  ana  of  Grain  and  Root  Crops,  Ac.  By  W.  Youatt  and  R.  Scott 
Burn.  An  entirely  New  Edition,  partly  Re-written  and  greatly  Enlarged,  by 
W.  Fream,  B.Sc.Lond.,  LL.D.  In  medium  8vo,  about  i.ooo  pp.   [/» the  press. 

Agricultural  Facts  and  Figures. 

NOTE-BOOK  OF  AGRICULTURAL  FACTS  AND  FIGURES 
FOR  FARMERS  AND  FARM  STUDENTS.    By  Primrose  McComm&xl,- 
late  Professor  of  Agriculture,  Glasgow  Veterinary  College.    Third  Edition. 
Royal  32010,  as.  leather. 
"  The  most  complete  and  comprehensive  Note-book  for  Fanners  and  Farm  Students  that  we 

have  seen.    It  literally  teems  with  information,  and  we  can  cordially  recommend  it  to  aD  connected. 

wtthagrcuiln 


nost  complete  and  comprehensive  Note-book  for  Farmei 
It  literally  teems  with  information,  and  we  can  cordially 
ture."-/VVfA  British  Agriculturist. 
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Flour  Manufacture,  Milling,  etc* 

FLOUR  MANUFACTURE:  A  Treatise  on  Milling  Science 
and  Practice.  By  Frikdrich  Kick,  Imperial  Regierongsrath,  Professor  of 
Mechanical  Technology  in  the  Imperial  German  Polytechnic  Institute, 
Prague.  Translated  from  the  Second  Enlarged  and  Revised  Edition  with 
Supplement.  By  H.  H.  P.  Powlbs,  A.M.I.C.E.  Nearly  400  pp.  Illustrated 
with  28  Folding  Plates,  and  167  Woodcuts.    Royal  8vo,  25s.  cloth. 

"  This  valuable  work  is,  and  wQl  remain,  the  standard  authority  on  the  sdence  of  nulling.  .  « 
The  miller  who  has  read  and  digested  this  work  will  have  laid  the  foundation,  so  to  speak,  of  a  sue* 
cessful  career ;  he  will  have  acquired  a  number  of  general  principles  which  he  can  proceed  to 
apply.  In  this  handsome  volume  we  at  last  have  the  accepted  text-book  of  modern  nulling  in  good, 
sound  English,  which  has  little,  if  any,  trace  of  the  German  idiom."—  The  Miller. 

"  The  appearance  of  this  celebrated  work  in  English  is  very  opportune,  and  British  millers 
will,  we  are  sure,  not  be  slow  in  availing  themselves  of  its  pages.— Aft/ferx'  Gasetse. 

Small  Farming, 

SYSTEMATIC  SMALL  FARMING;  or,  Tk$  Lessons  of  my 
Farm.  Being  an  Introduction  to  Modern  Farm  Practice  for  Small  Fanners 
in  the  Culture  of  Crops;  The  Feeding  of  Cattle;  The  Management  of  the 
Dairy,  Poultry  and  Pigs,  &c.  &c.  By  Robert  Scott  Burn,  Author  of  "  Out- 
lines of  Landed  Estates   Management."  Numerous  Illusts.,  cr.  8vo,  6s.  cloth. 

"This  is  the  completest  book  of  Its  class  we  have  seen,  and  one  which  every  amateur  farmer 
wDl  read  with  pleasure  and  accept  as  a  guide."— Field. 

"  The  volume  contains  a  vast  amount  of  useful  information.  No  branch  of  farming  Is  left 
untouched,  from  the  labour  to  be  done  to  the  results  achieved.  It  may  be  safely  recommended  to 
all  who  think  they  will  be  in  paradise  when  they  buy  or  rent  a  three-acre  arm." — Glasgow  Herald. 

Modern  Farming. 

OUTLINES  OF  MODERN  FARMING.  By  R.  Scott  Burm. 
Soils,  Manures,  and  Crops— Farming  and  Farming  Economy— Cattle,  Sheep, 
and  Horses  —  Management  of  Dairy,  Pigs  and  Poultry  —  Utilisation  of 
Town-Sewage,  Irrigation,  Ac.  Sixth  Edition.  In  One  Vol.,  1,450  pp.,  half- 
bound,  profusely  Illustrated,  12s. 

"  The  aim  of  the  author  has  been  to  make  his  work  at  ones  comprehensive  and  trust  worthy, 
and  in  this  aim  he  has  succeeded  to  a  degree  which  entitles  him  to  much  credit."— Merning 
Advertiser.       "  No  farmer  should  be  without  this  book.,,— Banditry  Guardian. 

Agricultural  Engineering* 

FARM  ENGINEERING,  THE  COMPLETE  TEXT-BOOK  OF. 
Comprising  Draining  and  Embanking ;  Irrigation  and  Water  Supply ;  Farm 
Roads,  Fences,  and  Gates ;  Farm  Buildings,  their  Arrangement  and  Con- 
struction, with  Plans  and  Estimates;  Barn  Implements  and  Machines;  Field 
Implements  and  Machines;  Agricultural  Surveying,  Levelling,  Ac.  By  Prof. 
John  Scott,  Editor  of  the  "  Farmers'  Gazette,"  late  Professor  of  Agriculture 
and  Rural  Economy  at  the  Royal  Agricultural  College,  Cirencester,  Ate.  ftc. 
In  One  Vol.,  1,150  pages,  half-bound,  with  over  600  Illustrations,  12s. 

"Written  with  great  care,  as  weD  as  with  knowledge  and  ability.  The  author  has  done  hit 
work  well ;  we  have  found  him  a  very  trustworthy  guide  wherever  we  have  tested  his  ■*■*— *-»t_ 
The  volume  will  be  of  great  value  to  agricultural  students,"— Mark  Lane  Express. 

"For  a  young  agriculturist  we  know  of  (no  handy  volume  likely  to  be  more  usefully  studied. 
—Belts  Weekly  Messenger. 

English  Agriculture* 

THE   FIELDS  OF  GREAT   BRITAIN  ;    A  Text-Book    of 

Agriculture,  adapted  to  the  Syllabus  of  the  Science  and  Art  Department. 
For  Elementary  and  Advanced  Students.  By  Hugh  Clbmbnts  (Board  of 
Trade).  Second  Ed.,  Revised,  with  Additions.  x8mo,  as.  64.  cl. 

"  A  most  comprehensive  volume,  giving  a  mass  of  information,''— Agricultural  Economist. 
"It  is  a  long  time  since  we  have  seen  a  book  which  has  pleased  us  more,  or  which  contains 
such  a  vast  and  useful  fund  of  knowledge."— £4*Ma/6?na/  Times. 

Tables  for  Farmers,  etc* 

TABLES,  MEMORANDA,  AND  CALCULATED  RESULTS 
for  Farmers,  Graziers,  Agricultural  Students,  Surveyors,  Land  Agents  Auc- 
tioneers, etc.  With  a  New  System  of  Farm  Book-keeping.  Selected  and 
Arranged  by  Sidney  Francis.  Second  Edition,  Revised.  27a  pp.,  waist- 
coat-pocket size,  is.  6d.  limp  leather. 

M  Weighing  less  than  z  oz.,  and  occupying  no  more' space  than  a  match  box.  It  contains  a  mass 
of  facts  and  calculations  which  has  never  before,  in  such  handy  form,  been  obtainable.  .  Every 
operation  on  the  farm  is  dealt  with.  The  work  may  be  taken  as  thoroughly  accurate,  the  whole  of 
tne  tables  having  been  revised  by  Dr.  Fream.  We  cordially  recommend  it."— Belts  Weekly 
Messenger. 

"  A  marvellous  little  book,  .  .  .  The  agriculturist  who  possesses  himself  of  ft  wSl  not  be 
disappointed  with  his  investment"—  The  Farm. 
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Farm  and  Estate  Book-keeping. 

BOOK-KEEPING  FOR  FARMERS  &  ESTATE  OWNERS. 
A  Practical  Treatise,  presenting,  in  Three  Plana,  a  System  adapted  for  all 
Classes  of  Farms.  By  Johnson  M.Woodm  an.  Chartered  Accountant.  Second 
Edition,  Revised.  Cr.  8vo,  3s.  6d.  cl.  bds. ;  or  25.  64.  cl.  limp. 
"  P1.?  TO,ume  b  *  capital  study  of  a  most  important  subject"— Agricultural  Gazette. 
"Will  be  found  of  great  assistance  by  those  who  intend  to  commence  a  system  of  book-keep* 

rag,  the  author's  examples  being  clear  and  explicit,  and  his  explanations,  while  full  and  accurate, 

being  to  a  large  extent  free  from  technicalities."— Live  Stock  Journal. 

Farm  Account  Book. 

WOODMAN'S  YEARLY  FARM  ACCOUNT  BOOK.  Giving 
a  Weekly  Labour  Account  and  Diary,  and  showing  the  Income  and  Expen- 
diture under  each  Department  of  Crops,  Live  Stock,  Dairy,  &c.  &c.  With 
Valuation,  Profit  and  Loss  Account,  and  Balance  Sheet  at  the  end  of  the 
Year,  and  an  Appendix  of  Forms.  Ruled  and  Headed  for  Entering  a  Com- 
plete Record  of  the  Farming  Operations.  By  Johnson  M.  Woodman, 
Chartered  Accountant.    Folio,  ys.  6d.  half  bound.  {culture. 

"Contains  every  requisite  form  for  keeping  farm  accounts  readily  and  accurately.'*— Agri- 

Early  Fruits,  Flowers  and  Vegetables. 

THE  FORCING  GARDEN ;  or,  How  to  Grow  Early  Fruits, 
Flowers,  and  Vegetables.    With  Plans   and  Estimates  for  Building  Glass- 
houses. Pits  and  Frames.    By  Sam ukl  Wood.    Crown  8vo,  3*.  6d.  cloth. 
"  A  good  book,  and  fairly  fills  a  place  that  was  in  some  degree  vacant.   The  book  is  written  with 
great  care,  and  contains  a  great  deal  of  valuable  teaching."— Gardeners'  Magazine. 


'*  Mr.  Wood's  book  is  an  original  and  exhaustive  answer  to  the  question  '  How  to  Grow  Early 
Fruits,  Flowers  and  Vegetables  r  "—Land  and  Water. 

Good  Gardening. 

A  PLAIN  GUIDE  TO  GOOD  GARDENING  ;  or,  How  to  Grow 
Vegetables,  Fruits,  and  Flowers.    With  Practical  Notes  on  Soils,  Manures, 
Seeds,  Planting,  Laying-out  of  Gardens  and  Grounds,  Ate.    By  S.  Wood. 
Fourth  Edition,  with  numerous  Illustrations.    Crown  8vo,  3s.  6d.  cloth. 
"A  vary  good  book,  and  one  to  be  highly  recommended  as  a  practical  guide.    The  practical 

directions  are  excellent"— A thenetum. 

"  May  be  recommended  to  young  gardeners,  cottagers,  and  specially  to  amateurs,  for  the 

plain,  simple,  and  trustworthy  information  it  gives  on  common  matters  too  often  neglected."— 

Gardeners'  Chronicle. 

Gainful  Gardening. 

MULTUM-IN-PARVO  GARDENING;  cr,  How  to  make  One 
Acre  of  Land  produce  £640  a-year  by  the  Cultivation  of  Fruits  and  Vegetables ; 
also,  How  to  Grow  Flowers  in  Three  Glass  Houses,  so  as  to  realise  £176  per 
annum  clear  Profit.  By  S.  Wood.  Fifth  Edition.  Crown  8vo,  is.  sewed. 
"We  are  bound  to  recommend  it  as  not  only  suited  to  the  case  of  the  amateur  and  gentleman's 
gardener,  but  to  the  market  grower."— Gardeners'  Afagasine. 

Gardening  for  Ladies. 

THE  LADIES'  MULTUM-IN-PARVO  FLOWER  GARDEN, 
and  Amateurs'  Complete  Guide.  By  S.  Wood.  With  Illusts.  Cr.8vo,  3s.  td.  cl. 

"  This  volume  contains  a  good  deal  of  sound,  common  sense  instruction."— Florist. 

"  Full  of  shrewd  hints  and  useful  instructions,  based  on  a  lifetime  of  experience.  "—Scotsman. 

Receipts  for  Gardeners. 

GARDEN  RECEIPTS.     By  C.  W.  Quin.     iamo,  is.  6d.  cloth. 

"A  useful  and  handy  book,  containing  a  good  deal  of  valuable  bdonaatiamJ'--At*enmtm. 

Market  Gardening. 

MARKET  AND  KITCHEN  GARDENING.    By  Contributors 
to  "The  Garden."    Compiled  by  C.  W.  Shaw,  late  Editor  of  "Gardening 
Illustrated."    iamo,  3s.  6a.  cloth  boards. 
"  The  most  valuable  compendium  of  kitchen  and  market-garden  work  publUhed^-^VtrvKr. 

Cottage  Gardening. 

COTTAGE  GARDENING;  or,  Flowers,  Fruits,  and  Vegetables  for 
Small  Gardens.    By  E.  Hobday,    iamo,  u.  64.  cloth  limp. 

Potato  Culture. 

POTATOES :  How  to  Grow  and  Show  Them.  A  Practical  Guide 
to  the  Cultivation  and  General  Treatment  of  the  Potato.  By  Jambs  Pink. 
Second  Edition.    Crown  8vo,  as.  cloth. 
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Hudson's  Land  Valuer's  Pocket-Book. 

THE  LAND  VALUER'S  BEST  ASSISTANT:  Being  Tables 
on  a  very  much  Improved  Plan,  for  Calculating  the  Value  of  Estates.  With 
Tables  for  reducing  Scotch,  Irish,  and  Provincial  Customary  Acres  to  Statute 
Measure,  &c.  By  R,  Hudson,  C.E.  New  Edition.  Royal  33010,  leather, 
elastic  band,  4s. 

"This  new  edition  includes  tables  for  ascertaining  the  valne  of  leases  for  any  term  of  years ; 
and  for  showing  how  to  lay  out  plots  of  eround  of  certain  acres  in  forms,  square,  round,  Ac,  with 
valuable  rules  For  ascertaining  the  probable  worth  of  standing  timber  to  auy  amount :  and  is  of 
Incalculable  value  to  the  country  gentleman  and  professional  man."— Farmer*  yommaL 

Ewart's  Land  Improver's  Pocket-Book. 

THE  LAND  IMPROVER'S  POCKET-BOOK  OF  FORMULAE, 
TABLES  and  MEMORANDA  required  in  any  Computation  relating  to  the 
Permanent  Improvement  of  Landed  Property.  By  John  Ewart,  Land  Surveyor 
and  Agricultural  Engineer.  Second  Edition,  Revised.  Royal  32010,  oblong, 
leather,  gilt  edges,  with  elastic  band,  45. 
"A  compendious  and  handy  little  volume."— Spectator. 

Complete  Agricultural  Surveyor's  Pocket-Book. 

THE  LAND  VALUER'S  AND  LAND  IMPROVER'S  COM- 
PLETE POCKET-BOOK.  Consisting  of  the  above  Two  Works  bound  to- 
gether.   Leather,  gilt  edges,  with  strap,  7s.  6d. 

M  Hudson's  book  is  the  best  ready-reckoner  on  matters  relating  to  the  valuation  of  land  and 
crops,  and  its  combination  with  Mr.  Ewart's  work  greatly  enhances  the  value  and  usefulness  of  the 
latter-mentioned.  ...  It  is  most  useful  as  a  manual  for  reference."— North  of  England  Farmer. 

Auctioneer's  Assistant. 

THE  APPRAISER,  A  UCTIONEER,  BROKER,  HOUSE  AND 
EST  A  TE  A  GENT  AND  VAL  UER'S  POCKET  A  SSISTA  NT,  tor  the  Valua- 
tion for  Purchase,  Sale,  or  Renewal  of  Leases,  Annuities  and  Reversions,  and 
of  property  generally;  with  Prices  for  Inventories,  &c.  By  John  Whbblbr, 
Valuer,  &c.  Fifth  Edition,  re- written  and  greatly  extended  by  C.  N  orris, 
Surveyor,  Valuer,  &c.    Royal  32010,  55.  cloth. 

"  A  neat  and  concise  book  of  reference,  containing  an  admirable  and  clearly-arranged  list  of 
prices  for  inventories,  and  a  very  practical  guide  to  determine  the  value  of  furniture,  Ac"— Standard. 

"  Contains  a  large  quantity  of  varied  and  useful  information  as  to  the  valuation  for  purchase, 
sale,  or  renewal  of  leases,  annuities  and  reversions,  and  of  property  generally,  with  prices  for 
inventories,  and  a  guide  to  determine  the  value  of  interior  fittings  and  other  effects."— Builder. 

Auctioneering. 

AUCTIONEERS:  THEIR  DUTIES  AND  LIABILITIES. 
A  Manual  of  Instruction  and  Counsel  for  the  Young  Auctioneer.  By  Robert 
Squibbs,  Auctioneer.  Second  Edition,  Revised  ana  partly  Re- written.  Demy 
8vo,  125. 64.  cloth. 

"The  position  and  duties  of  auctioneers  treated  compendiously  and  clearly."— Builder. 
"Every  auctioneer  ought  to  possess  a  copy  of  this  excellent  work."— ironmonger. 

"  Of  great  value  to  the  profession.  .  .  .  We  readily  welcome  this  book  from  the  fact  that  It 
treats  the  subject  in  a  manner  somewhat  new  to  the  profession.  "—Estates  Gasette. 

Legal  Guide  for  Pawnbrokers. 

THE  PAWNBROKERS',  FACTORS1  AND  MERCHANTS1 
GUIDE  TO  THE  LAW  OF  LOANS  AND  PLEDGES.  With  the 
Statutes  and  a  Digest  of  Cases  on  Rights  and  Liabilities,  Civil  and  Criminal, 
as  to  Loans  and  Pledges  of  Goods,  Debentures,  Mercantile  and  other  Se- 
curities. By  H.  C.  Folkard,  Esq.,  Barrister-at-Law,  Author  of  "The  Law 
of  Slander  and  Libel,"  &c.  With  Additions  and  Corrections.  Fcap.  Svo, 
3s.  6d.  cloth. 

"  This  work  contains  simply  everything  that  requires  to  be  known  concerning  the  department 
of  the  law  of  which  it  treats.  We  can  safely  commend  the  book  as  unique  and  rery  nearly  perfect.' 
—Iron, 

"The  task  undertaken  by  Mr.  Folkard  has  been  very  mtisfactoruy  performed.  .  .  .  Such  ex- 
planations as  are  needful  have  been  supplied  with  great  clearness  and  with  doe  regard  to  brevity." 
City  Press. 
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Law  of  Patents. 

PATENTS  FOR  INVENTIONS,  AND  HOW  TO  PROCURE 
THEM,  Compiled  for  the  Use  of  Inventors,  Patentees  and  others.  By 
G.  G.  M.  Hardingham,  Assoc. Mem.Inst.C.E.,  &c.  Demy  8vo,  cloth,  price 
25.  6d. 

Metropolitan  Mating  Appeals* 

REPORTS  OF  APPEALS  HEARD  BEFORE  THE  COURT 
OF  GENERAL  ASSESSMENT  SESSIONS,  from  the  Year  1871  to  1885. 
By  Edward  Rydb  and  Arthur  Lyon  Rydb.  Fourth  Edition,  brought  down 
to  the  Present  Date,  with  an  Introduction  to  the  Valuation  (Metropolis)  Act, 
1860,  and  an  Appendix  by  Walter  C.  Rydr,  oi  the  Inner  Temple,  Barrister- 
at-Law.    8vo,  16s.  cloth. 

"  A  useful  work,  occupying  a  place  mid- way  between  a  handbook  for  a  lawyer  and  a  guide  to 
the  surveyor.  It  is  compiled  by  a  gentleman  eminent  in  his  profession  as  a  land  agent,  whose  spe- 
cialty, it  fa  acknowledged,  lies  1  the  direction  of  assessing  property  for  rating  purposes,"— Land 
Agents'  Record. 

"  It  is  an  indispensable  work  of  reference  for  all  engaged  in  assessment  business."— yourna 
tf  Gas  Lighting. 

House  Property* 

HANDBOOK  OF  HOUSE  PROPERTY.  A  Popular  and  Practi- 
cal Guide  to  the  Purchase,  Mortgage,  Tenancy,  and  Compulsory  Sale  of 
Houses  and  Land,  including  the  Law  of  Dilapidations  and  Fixtures;  with 
Examples  of  all  kinds  of  Valuations,  Useful  Information  on  Building,  and 
Suggestive  Elucidations  of  Fine  Art.  By  E.  L.  Tarbuck,  Architect  and 
Surveyor.  Fourth  Edition,  Enlarged,  xamo,  5*.  cloth. 
"The  advice  is  thoroughly  practical."— Law  Journal. 

"  For  all  who  have  dealings  with  house  property,  this  b  an  indispensable  guide."— Decoration. 
"  Carefully  brought  up  to  date,  and  much  unproved  by  the  addition  of  a  division  on  fine  art. 
"  A  well-written  and  thoughtful  work."—  Land  Agent's  Record. 

Inwood's  Estate  Tables. 

TABLES  FOR  THE  PURCHASING  OF  ESTATES,  Freehold, 
Copyhold,  or  Leasehold;  Annuities,  A dvowsons,  etc.,  and  for  the  Renewing  of 
Leases  held  under  Cathedral  Churches,  Colleges,  or  other  Corporate  bodies, 
for  Terms  oi  Years  certain,  and  for  Lives ;  also  tor  Valuing  Reversionary 
Estates,  Deferred  Annuities,  Next  Presentations,  &c. ;  together  with  Smart's 
Five  Tables  of  Compound  Interest,  and  an  Extension  of  the  same  to  Lower 
and  Intermediate  Rates.  By  W.  Inwood.  23rd  Edition,  with  considerable 
Additions,  and  new  and  valuable  Tables  of  Logarithms  for  the  more  Difficult 
Computations  of  the  Interest  of  Money,  Discount,  Annuities,  &c,  by  M.  Fbdor 
Thoman,  of  the  Socie'te'  Credit  Mobilier  of  Paris.  Crown  8vo,  8s.  cloth. 
"Those  interested  in  the  purchase  and  sale  of  estates,  and  In  the  adjustment  of  compensation 

cases,  as  well  as  in  transactions  in  annuities,  life  insurances,  &c,  will  find  the  present  edition  of 

eminent  service."— Engineering. 

"  'Inwood's  Tables '  still  maintain  a  most  enviable  reputation.  The  new  Issue  has  been  enriched 

by  large  additional  contributions  by  M.  Fedor  Theman,  whose  carefully  arranged  Tables  cannot 

tail  to  be  of  the  utmost  utility.  "—Mining  Journal. 

Agricultural  and  Tenant-Right  Valuation. 

THE  AGRICULTURAL  AND  TENANT-RIGHT-VALUER'S 
ASSISTANT.  A  Practical  Handbook  on  Measuring  and  Estimating  the 
Contents,  Weights  and  Values  of  Agricultural  Produce  and  Timber,  the 
Values  of  Estates  and  Agricultural  Labour,  Forms  of  Tenant-Right-Valua- 
tions, Scales  ot  Compensation  under  the  Agricultural  Holdings  Act.  1883, 
&c.  &c.  By  Tom  Bright,  Agricultural  Surveyor.  Crown  8vo,  3s.  6d.  cloth. 
"  Full  of  tables  and  examples  in  connection  with  the  valuation  of  tenant-right,  estates,  labour, 

contents,  and  weights  of  timber,  and  farm  produce  of  all  kinds."— Agricultural  Gamette. 

"  An  eminently  practical  handbook,  full  of  practical  tables  and  data  of  undoubted  interest  and 

value  to  surveyors  and  auctioneers  in  preparing  valuations  of  all  kinds." — Farmer. 

Plantations  and  Underwoods. 

POLE  PLANTATIONS  AND  UNDERWOODS:  A  Practical 
Handbook  on  Estimating  the  Cost  of  Forming,  Renovating,  Improving  and 
Grubbing  Plantations  and  Underwoods,  their  Valuation  for  Purposes  ot 
Transfer,  Rental,  Sale  or  Assessment  By  Tom  Bright,  F.S.Sc,  Author  ot 
"  The  Agricultural  and  Tenant-Right- Valuer's  Assistant,"  &c.  Crown  8vo, 
3s.  6d.  cloth.  [?*"*  published, 

"  Will  be  found  very  useful  to  those  who  are  actually  engaged  In  r"a"»gjng  wood."— Belts 

Weekly  Messenger. 

"  To  valuers,  foresters  and  agents  it  will  be  a  welcome  aid."— North  British  Agriculturist. 
"Well  calculated  to  assist  the  valuer  in  the  discharge  of  his  duties  and  of  undoubted  interest 

and  use  both  to  surveyors  and  auctioneers  in  preparing  valuation  of  all  kinds."— jCent  Herald. 
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A  Complete  Epitome  of  the  Laws  of  this  Country. 

EVERY  MAN'S  OWN  LAWYER:  A  Handy-Book  of  the 
Principles  of  Law  and  Equity.  By  A  Barrister.  Twenty-eighth  Edition. 
Revised  and  Enlarged.  Including  the  Legislation  of  1690,  and  including 
careful  digests  of  The  Bankruptcy  Act,  1890;  the  Directors*  Liability  Act, 
1890;  the  Partnership  Act,  1890;  the  Intestates'  Estates  Act,  1890:  the  Settled 
Land  Act,  1890  ;  the  Housing  of  the  Working  Classes  Act,  1690;  the  Infectious 
Disease  (Prevention)  Act,  1890;  the  Allotments  Act,  1890;  the  Tenants*  Com- 
pensation Act,  1890;  and  the  Trustees'  Appointment  Act,  1890;  while  other 
new  Acts  have  been  duly  noted.  Crown  8vo,  688  pp.,  price  6s.  84.  (saved  at 
every  consultation  1 ),  strongly  bound  in  cloth.  [Just  published. 

V*THE  BOOK  WILL  BE  FOUND  TO  COMPRISE  (AMONGST 
OTHER  MATTER)— 

The  rights  and  wrongs  of  individuals— Landlord  and  tenant— vendors 
and  purchasers— Partners  and  Agents— Companies  and  Associations— Masters, 
servants  and  workmen— leases  and  mortgages— church  and  clergy,  ritual 
—Libel  and  Slander— contracts  and  agreements— Bonds  and  Bills  of  Sale- 
Cheques,  Bills  and  Notes— Railway  and  Shipping  Law— Bankruptcy  and  in* 
surance— borrowers,  lenders  and  sureties— criminal  law— parliamentary 
Elections— County  councils— Municipal  Corporations— Parish  Law,  church- 
wardens,    ETC— INSANITARY      DWELLINGS     AND      AREAS— PUBLIC      HEALTH       AND 

Nuisances— friendly  and  building  Societies— Copyright  and  Patents— Trade 
marks  and  designs- husband  and  wife.  divorce,  etc.— trustees  and  execu- 
TORS—GUARDIAN  and  Ward,  infants,  btc— Game  Laws  and  sporting— Horses, 
horse-dealing    and    dogs— innkeepers,    licensing,    etc.— forms   op    wills 
Agreements,  etc.  etc. 

Note.— The  object  of  this  work  is  to  enable  those  who  consult  it  to  help  them- 
selves to  the  law;  and  thereby  to  dispense,  as  far  as  possible,  with  professional 
assistance  and  advice.  There  are  many  wrongs  and  grievances  which  persons  sub- 
mit to  from  time  to  time  through  not  knowing  how  or  where  to  apply  for  redress ;  and 
many  persons  have  as  great  a  dread  of  a  lawyer's  office  as  of  a  lion's  den.  With  this 
book  at  hand  it  is  believed  that  many  a  Six-and-Eightpence  may  be  saved;  many 
a  wrong  redressed;  many  a  right  reclaimed;  many  a  law  suit  avoided  ;  and  many 
an  evil  abated.  The  work  has  established  itself  as  the  standard  legal  adviser  of  all 
classes,  and  also  made  a  reputation  for  itself  as  a  useful  book  of  reference  for  lawyers 
residing  at  a  distance  from  law  libraries,  who  are  glad  to  have  at  hand  a  work  em- 
bodying recent  decisions  and  enactments. 

%"  Opinions  op  the  Press. 

"  It  is  a  complete  code  of  English  Lew.  written  in  plain  language,  which  all  can  understand. 
.    .    Should  be  in  the  hands  of  every  business  man,  and  all  who  wish  to  abolish  lawyers'  bills."— 
Weekly  Times. 

"  A  useful  and  concise  epitome  of  the  law,  compiled  with  considerable  can."— Lam  Magaaine. 

"A  complete  digest  of  the  most  useful  facts  which  constitute  English  law. "— Globe 

"This  excellent  handbook.  .  .  .  Admirably  done,  admitably  arranged,  and  admirably 
cheap."— Leeds  Mercury. 

*  A  concise,  cheap  and  complete  epitome  of  the  English  law.  So  plainly  written  that  he  who 
runs  may  read,  and  he  who  reads  may  understand."— Figaro. 

"  A  dictionary  of  legal  facts  well  put  together.    The  book  is  a  very  useful  one."— Spectator. 

"  A  work  which  has  long  been  wanted,  which  Is  thoroughly  well  done,  and  which  we  most 
cordially  recommend.  "—Sunday  Times. 

"  The  latest  edition  of  this  popular  book  ought  to  be  in  erery  business  establishment,  and  on 
every  library  table."— Sheffield  Post. 

Private  BUI  Legislation  and  Provisional  Orders^ 

HANDBOOK  FOR  THE  USE  OP  SOLICITORS  AND  EN- 
GINBERS  Engaged  in  Promoting  Private  Acts  of  Parliament  and  Provi- 
sional Orders,  for  the  Authorization  of  Railways,  Tramways,  Works  for  the 
Supply  of  Gas  and  Water,  and  other  undertakings  of  a  like  character.  By 
L.  Livingston  Macassby,  of  the  Middle  Temple,  Barrister-at-Law,  and 
Member  of  the  Institution  of  Civil  Engineers;  Author  of  "  Hints  on  Water 
Supply."    Demy  8vo,  950  pp.,  price  25s.  cloth. 

"  The  volume  is  a  desideratum  on  a  subject  which  can  be  only  acquired  by  jpracrical  expert, 
ence,  and  the  order  of  procedure  in  Private  BUI  Legislation  and  Provisional  Orders  is  followed. 
The  author's  suggestions  and  notes  will  be  found  of  great  value  to  engineers  and  others  profession- 
ally engaged  in  this  class  of  practice."— Building  News. 


private  Acts  of  Parliament  and  Provisional  Orders.' W*oe/  Government  Chronid*. 

OQDBN,  SMALB  AND  CO.  LIMITED,  PRINTERS,  GREAT  8AFFKOM  HILL,  E.C. 


LONDON,  1862. 
THE  PRIZE  MF.DA 

W«  amidcd  la  the  Pabluben  ol 

"IEUES  SERIES." 
A  NEW  LIST  OF 

WEALE'S   SERIES 

RUDIMENTARY  SCIENTIFIC,EDUCATIONAL, 

AND  CLASSICAL. 

Comprising  Marly  Tknt  Hundred  and  Fifly  diiiwt  irvr/a  in  atmat  entry 
defartment  of  Science,  Art,  and  Education,  recommended  to  the  notice  of  Bngirutrt, 
Architect.  Builder,,  Artitant,  and  Studentt  generally,  at  teeli 


ant,  and  Student*  generally l  m 
.    .   literary   anj  ScTeniijc  Tnititutimi,  CelUgtt,  Sck. 

LUt,a.i^..U * — - — ' ' — ^ — 


13-  "  WEALE'S  SERIES  includes  Text-Books  on  almost  every  branch  of 
Science  and  Industry,  comprising  such  subjects  as  Agriculture,  Architecture 
and  Building,  Civil  Engineering,  Fine  Arts,  Mechanics  and  Mechanical 
Engineering,  Physical  and  Chemical  Science,  and  many  miscellaneous 
Treatises.  The  whole  are  constantly  undergoing  revision,  and  new  editions, 
brought  up  to  the  latest  discoveries  In  scientific  research,  ate  constantly 
issued.  The  prices  at  which  they  are  sold  are  as  low  as,  their  excellence  is 
assured." — America*  Literary  Gawette. 

"  Amongst  the  literature  of  technical  education,  W bale's  Series  has  ever 
enjoyed  a  high  reputation,  and  the  additions  being  made  by  Messrs.  Croshv 
LocKWOon  &  Son  render  the  series  more  complete,  and  bring  the  informa- 
tion upon  the  several  subjects  down  to  the  present  time." — Mining  Journal. 

"  It  is  not  too  much  to  say  that  no  books  have  ever  proved  more  popular 
with,  or  more  useful  to,  young  engineers  and  others  than  the  excellent 
treatises  comprised  in  Whale's  Series." — Engineer. 

"  The  excellence  or  Whale's  Series  is  now  so  well  appreciated,  that  it 
would  be  wasting  our  space  to  enlarge  upon  their  general  usefulness  and 
value."— Builder, 

"The  volumes  of  Weale's  Series  form  one  of  the  best  collections  of 
elementary  technical  books  in  any  language." — Architect. 

"  WEALE'S  SERIES  has  become  a  standard  as  well  as  an  unrivalled 
collection  of  treatises  in  all  branches  of  art  and  science." — Public  Opinion. 


PHILADELPHIA,  1876. 
THE    PRIZE    MEDAL 

Wu  awarded  to  the  Publisher!  for 
Rook* :  Rudimentary,  Scientifln, 
"HOLE'S  SERIES,"  ETC.     . 
CROSBY    LOCKWOOD    &    SON, 

HALL   COURT,   LUDGATB   HILL,   LONDON,   E.C. 


weale's  rudimentary  series. 


WEALE'S  ETJDIMENTAEY  SCIENTIFIC  SEETES. 


%*  The  volumes  of  this  Series  are  freely  Illustrated  with 
Woodcuts,  or  otherwise,  where  requisite.  Throughout  the  fol- 
lowing List  it  must  be  understood  that  the  books  are  bound  in 
limp  cloth,  unless  otherwise  stated ;  but  the  volume*  marked 
with  a  %  may  also  be  Mad  strongly  bound  in  cloth  boards  for6d. 
extra. 

JV.B<—fn  ordering  from  this  List  it  is  recommended,  as  a 
means  of  facilitating  business  and  obviating  error,  to  quote  the 
numbers  affixed  to  the  volumes,  as  well  as  the  titles  and  prices. 


CIVIL  ENGINEERING,  SURVEYING,  ETC. 

No. 

31.  WELLS  AND  WELL-SINKING.    By  John  Geo.  Swindell, 

A.R.I.B.A.,  and  6.  R.  Burnbll,  CE.    Revised  Edition.    With  a  New, 
Appendix  on  the  Qualities  of  Water.    Illustrated,    as. 
35.  THE   BLASTING   AND    QUARRYING    OF  STONE,   far 
Building  and  other  Purposes.    By  Gen.  Sir  J.  Burgoynb,  Bart.    is.  6d. 

43.  TUBULAR,  AND  OTHER  IRON  GIRDER  BRIDGES,  p*r- 

ticularly  describing  the  Britannia  and  Conway  Tubular  Bridges.    By  G. 
Drysdalb  Dhmpsby,  C.E.    Fourth  Edition,    ss. 

44.  FOUNDATIONS  AND  CONCRETE  WORKS,  with  Practical 

Remarks?  on  Footings,  Sand,  Concrete,  B6ton,  Pile-driving,  Caissons,  and 
Cofferdams,  &c.    By  E.  Dobson.    Fifth  Edition,    is.  6d. 

60.  LAND  AND  ENGINEERING  SUR  VEYING.  By  T.  Baker, 

C.E.      Fifteenth  Edition,  revised  by  Professor  J.  R.  Young.    ss.t 
*>♦.  EMBANKING  LANDS  FROM  THE  SEA.    With  examples 
and  Particulars  of  actual  Embankments,  &c.    By  J.  Wiggins,  F.6.S.    ss. 
81.  WATER  WORKS,  for  the  Supply  of  Cities  and  Towns.    With 
a  Description  of  the  Principal  Geological  Formations  of  England  as  in- 
fluencing Supplies  of  Water.  8cc.    By  S.  Hughes,  C.E.    New  Edition,    sz.% 

118.  CIVIL  ENGINEERING  IN  NORTH  AMERICA,  a  Sketch 
of.    By  David  Stevenson,  F.R.S.E.,  &c.    Plates  and  Diagrams.    3s. 

167.  IRON  BRIDGES,  GIRDERS,  ROOFS,  AND  OTHER 
WORKS.   By  Francis  Campin,  C.E.    2s.  6d.* 

197.  ROADS  AND  STREETS.  By  H.  Law,  C.E.,  revised  and 
enlarged  by  D.  K.  Clark,  CE.,  including  pavements  of  Stone,  Wood, 
Asphalte,  8tc.    as.  6d.t 

•03.  SANITARY  WORK  IN  THE  SMALLER  TOWNS  AND  IN 
VILLAGES.    By  C.  Slagg,  A.M.T.CE.    Revised  Edition.    3s.* 

JI2.  GAS-WORKS,  THEIR  CONSTRUCTION  AND  ARRANGE- 
MENT^ and  the  Manufacture  aad  Distribution  of  Coal  Gas.  Originally 
written  by  Samuel  Hughes,  C.E.  Re-written  and  enlarged  by  William 
Richards,  CE.    Seventh  Edition,  with  important  additions.    5s.  6d4 

113.  PIONEER  ENGINEERING.  A  Treatise  on  the  Engineering 
Operations  connected  with  the  Settlement  of  Waste  Lands  in  New  Coun- 
tries.   By  Edward  Dobson,  Assoc.  Inst  C.E.    4s.  6d.t 

216.  MATERIALS  AND  CONSTRUCTION;  A  Theoretical  and 
Practical  Treatise  on  the  Strains,  Designing,  and  Erection  of  Works  of  Con- 
struction. By  Francis  Campin,  CE.    Second  Edition,  revised.    3«4 

219.  CIVIL    ENGINEERING.      By  Henry  Law,  M.Inst  CE. 

Including  Hydraulic  Engineering  by  Geo.  R.  Burnbll,  M.Inst.  CE. 

Seventh   Edition,  revised,  with  large  additions  by  D.  Kinnea*  Clark* 

M.Inst.  CE.    6a.  6d.(  Cloth  boards,  7s.  6d- 
268.  THE  DRAINAGE  OF  LANDS,  TOWNS,  6*  BUILDINGS. 
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weale's  rudimentary  series. 


MECHANICAL  ENGINEERING,  ETC. 

33.  CRANES,  the  Construction  of,  and  other  Machinery  for  Raising 

Heavy  Bodies.    By  Joseph  Glynn,  F.R.S.    Illustrated,    is.  6d. 

34.  THE  STEAM  ENGINE.  By  Dr.  Lardner.  Illustrated.   is.6d. 

59.  STEAM  BOILERS:  their  Construction  and  Management.    By 
R.  Armstrong,  C.E.    Illustrated-    it.  6d. 

82.  THE  POWER  OF  WATER,  as  applied  to  drive  Flour  Mills, 
and  to  give  motion  to  Turbines,  &c.    By  Joseph  Glynn,  F.R.S.    as4 

98.  PRACTICAL  MECHANISM,  the  Elements  of;  and  Machine 
Tools.    ByT.  Baker,  C.E.    With  Additions  by  J.  Nasmyth,  C.E.   ss.  6<L* 

139.  THE  STEAM  ENGINE,  a  Treatise  on  the  Mathematical  Theory 
of,  with  Rules  and  Examples  for  Practical  Men.  ByT.  Bakbr,  C.E.    xs.  oo. 

164.  MODERN   WORKSHOP  PRACTICE,  as  applied  to  Steam 

;  Engines,  Bridges.  Ship-building,  Cranes,  fcc    By  T.  G.  Winton.     Fourth 
Edition,  much  enlarged  and  carefully  revised.    3s.  od.$     [Just  published, 

165.  IRON  AND  HEAT,  exhibiting  the  Principles  concerned  in  the 

Construction  of  Iron  Beams,  Pillars,  and  Girders.    By  J.  Armour,    ss.  6d4 

166.  POWER  IN  MOTION:  Horse-Power,  Toothed-Wheel  Gearing, 

Long  and  Short  Driving  Bands,  and  Angular  Forces.  By  J.  Armour,  as.t 

171.  THE     WORKMAN'S    MANUAL     OF    ENGINEERING 

DRAWING.   By  J.  Maxton.  6th  Edn.   With  7  Plates  aad  350  Cuts.  3s.  6d.* 

190.  STEAM    AND    THE    STEAM  ENGINE,  Stationary    and 

Portable.     Being  an  Extension  of  the  Elementary  Treatise  on  the  Steam 

Engine  of  Mr.  John  Sewbll.    By  D.  K.  Clark,  M.I.C.E.    3s.  6d.£ 

200.  FuEL,  its  Combustion  and  Economy.     By  C.  w.  Williams. 

With  Recent  Practice  in  the  Combustion  and  Economy  of  Fuel — Coal,  Coke 
Wood,  Peat,  Petroleum,  &c— by  D.  K.  Clark,  M.I.C.E.    3S.6VU 

202.  LOCOMOTIVE  ENGINES.  By  G.  D.  Dempsey,  C.E. ;  with 
large  additions  by  D.  Kinnear  Clark,  M.I.C.E.    3s.* 

in.  THE  BOILERMAKER'S  ASSISTANT  in  Drawing,  Tern- 
and  Calculating  Boiler  and  Tank  Work.  _  By  John  Courtney  . 


plating, 
Practice 


ictical  Boiler  Maker.  Edited  by  D.  K.  Clark,  C.E.   zoo  Illustrations,  ss, 
217.  SEWING  MACHINERY:  Its  Construction,  History,  &c,  with 
full  Technical  Directions  for  Adjusting,  &c.  By  J.  W.  Urquhart,  C.E.  as.) 

223.  MECHANICAL  ENGINEERING.  Comprising  Metallurgy, 
Moulding,  Casting,  Forging,  Tools,  Workshop  Machinery,  Manufacture  of 
the  Steam  Engine,  &c.    By  Francis  Campin,  C.E.  Second  Edition,  as.  6d.t 

236.  DETAILS   OF  MACHINERY.     Comprising  Instructions  for 

the  Execution  of  various  Works  in  Iron.    By  Francis  Campin/C.E.    3*.* 

237.  THE  SMITHY  AND  FORGE;  including  the  Farrier's  Art  aad 

Coach  Smithing.    By  W.  J.  E.  Crane.    Illustrated,    as.  6d.f 

238.  THE  SHEETMETAL  WORKER'S  GUIDE;  a  Practical  Hand- 

book for  Tinsmiths,  Coppersmiths,  Zincworkers,  &c.    With  94  Diagrams  and 
Working  Patterns.    By  W.  J.  E.  Crane.    Second  Edition,  revised,    is.  Sd. 

251.  STEAM  AND  MACHINERY  MANAGEMENT :  with  Hints 
on  Construction  and  Selection.    By  M.  Powis  Bale,  M.I.M.E.    as.  6d.t 

254.  THE    BOILERMAKER'S    READY-RECKONER.      By  J. 

Courtney.     Edited  by  D.  K.  Clark,  C.E.    4s.,  limp ;  5s.,  half-bound. 

255.  LOCOMOTIVE  ENGINE-DRIVING.    A  Practical  Manual  for 

Engineers  in  charge  of  Locomotive  Engines.  By  Michael  Reynolds,  MJSJC 
Eighth  Edition.    3s.  6d.,  limp ;  4s.  6d.  cloth  boards. 

256.  STATIONARY  ENGINE-DRIVING.    A  Practical  Manual 

Engineers  in  charge  of  Stationary  Engines.   By  Michael  Reynolds,  M.S*B. 
Third  Edition.    3s.  6d.  limp :  4s.  6d.  cloth  boards. 

260.  IRON  BRIDGES  OF  MODERATE  SPAN:  their  Construc- 
tion and  Erection.    By  Hamilton  W.  Pbndrbd,  C.E.    as. 
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MINING,    METALLURGY,    ETC. 

4.  MINERALOGY,  Rudiments  of;  a  concise  View  of  the  General 
Properties  of  Minerals.  By  A.  Ramsay,  F.G.S.,  F.R.G.S.,  fcc  Third 
Edition,  revised  and  enlarged.    Illustrated.    3s.  6d.t 

117.  SUBTERRANEOUS  SURVEYING,  with  and  without  the  Mag- 
netic Needle.    By  T.  Fbnwick  and  T.  Baker,  C.E.    Illustrated,    at.  64.  t 

135.  ELECTRO-METALLURGY;  Practically  Treated.  By  Alex- 
ander Watt.  Ninth  Edition,  enlarged  and  revised,  with  additional  Illus- 
trations, and  Including  the  most  recent  Processes.   3s.  6d.i 

172.  MINING  rOOtS,  Manual  of.    For  the  Use  of  Mine  Managers, 
Agents,  Students,  fcc.    By  William  Morgans,    as.  6d. 
172*.  MINING  TOOLS,  ATLAS  of  Engravings  to  Illustrate  the  above, 
containing  935  Illustrations,  drawn  to  Scale.   4to.    4a.  6d. 

176.  METALLURGY  OF  IRON  Containing  History  of  Iron  Mann- 
facture,  Methods  of  Assay,  and  Analyses  of  Iron  Ores,  Processes  of  Manu- 
facture of  Iron  and  Steel,  fcc.  By  H.  Baurrman,  F.G.S.  Sixth  Edition, 
revised  and  enlarged.    5*4  [Just  published. 

18a  COAL  AND  COAL  MINING.  By  the  late  Sir  Warington  W. 
Smyth,  MA.,  F.R.S.  Seventh  Edition,  revised.  3s.  6d.|  {Just published. 

195.  7 HE  MINERAL  SURVEYOR  AND  VALUER'S  COM- 
PLETE GUIDE.  By  W.  Lintern,  M.E.  Third  Edition,  including  Mag- 
netic and  Angular  Surveying.    With  Four  Plates.    3s.  6d.t 

214.  SLATE  AND  SLATE  QUARRYING,  Scientific,  Practical,  and 
Commercial.    By  D.  C.  Davibs,  F.G.S,  Mining  Engineer,  fcc.    3*4 

164.  A  FIRST  BOOK  OF  MINING  AND  QUARR  YING,  with  the 
Sciences  connected  therewith,  for  Primary  Schools  and  Self  Instruction.  By 
J.  H.  Collins,  F.G.S.    Second  Edition,  with  additions,    zs.  6d. 


ARCHITECTURE,  BUILDING,  ETC. 

16.  ARCHITECTURE— ORDERS— The  Orders  and  their  Esthetic 

Principles.    By  W.  H.  Leeds.    Illustrated,    is.  6d. 

17.  ARCHITECTURE—STYLES— The  History  and  Description  of 

the  Styles  of  Architecture  of  Various  Countries,  from  the  Earliest  to  the 
Present  Period.    By  T.  Talbot  Bury,  F.R.I.B.A.,  fcc    Illustrated,    ss. 
%*  Orders  and  Styles  of  Architecture,  in  One  Vol^  31. 6d. 

18.  ARCHITECTURE— DESIGN— The  Principles   of  Design   in 

Architecture,  as  deducible  from  Nature  and  exemplified  in  the  Works  of  the 

Greek  and  Gothic  Architects.  By  E.  L.  Garbbtt,  Architect.  Illustrated.  2s.6d. 

V  The  three  preceding  Works,  in  One  handsome  Vol.,  half  bound,    entitled 

"  Modern  Architecture,"  price  6u 

22.  THE  ART  OF  BUILDING,  Rudiments  of.  General  Principles 
of  Construction,  Materials  used  in  Building,  Strength  and  Use  of  Materials, 
Working  Drawings,  Specifications,  and  Estimates.     By  E.  Dobson,  ss.$ 

2S.  MASONRY  AND  STONE  CUTTING :  Rudimentary  Treatise 
on  the  Principles  of  Masonic  Projection  and  their  application  to  Con- 
struction. By  Edward  Dobson,  M.R.I.BJL,  fcc.    ss.  6d4 

42.  COTTAGE  BUILDING.     By  C.    Bruce   Allen,  Architect 

Tenth  Edition,  revised  and  enlarged.  With  a  Chapter  on  Economic  Cottages 
for  Allotments,  by  Edward  E.  Allen,  C.E.    as. 

45.  LIMES,  CEMENTS,  MORTARS,  CONCRETES,  MASTICS, 
PLASTERING,  fcc.   By  G.  R.  Burnell,  C.E.   Thirteenth  Edition,    is.  6<L 

57.  WARMING  AND  VENTILATION.  An  Exposition  of  the 
General  Principles  as  applied  to  Domestic  and  Public  Buildings.  Mines, 
Lighthouses,  Ships,  fcc.    By  C.  Tomlinson,  F.R.S.,  fcc.    Illustrated.    3s. 

ill.  ARCHES,  PIERS,  BUTTRESSES,  &c. :  Experimental  Essays 
on  the  Principles  of  Construction.    By  W.  Bland.    Illustrated,    is.  6d. 
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Architecture,  Building,  etc.,  continued. 

116.  THE  ACOUSTICS  OF  PUBLIC  BUILDINGS;  or,  The 
Principles  of  the  Science  of  Sound  applied  to  the  purposes  of  thefArchitect  and 
Builder.   By  T.  Roger  Smith,  M.R.I.BA.,  Architect.   Illustrated,    zs.  64. 

127.  ARCHITECTURAL  MODELLING  IN  PAPER,  the  Art  of. 

By  T.  A.  Richardson,  Architect.    Illustrated,    is.  6d. 

128.  VITRUVIUS—THE     ARCHITECTURE     OF    MARCUS 

VITRUVIUS  POLLO.     In  Ten  Books.    Translated  from  the  Latin  by 
Joseph  Gwilt,  F.S.A.,  F.R.A.S.    With  aj  Plates.    5s. 

130.  GRECIAN  ARCHITECTURE,  An  Inquiry  into  the  Principles 
of  Beauty  in ;  with  an  Historical  View  of  the  Rise  and  Progress  of  the  Art  in 
Greece.     By  the  Earl  of  Aberdeen,    zs. 
V  The  two  preceding  Works  in  One  handsome  Vol.,  half  bound,  entitled  "Ancient 

Architecture,"  price  6s. 

132.  THE  ERECTION  OF  DWELLING-HOUSES.  Illustrated  by 
a  Perspective  View,  Plans,  Elevations,  and  Sections  of  a  pair  of  Semi- 
detached Villas,  with  the  Specification,  Quantities,  and*  Estimates,  &c.  By 
S.  H.  Brooks.    New  Edition,  with  Plates,   as.  6d.x 

156.  QUANTITIES  &  MEASUREMENTS  in  Bricklayers',  Masons', 
Plasterers1,  Plumber*',  Painters^ Paperhangers',  Gilders1,  Smiths*,  Carpenters' 
and  Joiners'  Work.    By  A.  C.  Beaton,  Surveyor.    New  Edition,     zs.  6d. 

175.  LOCKWOO&S  BUILDER'S  PRICE  BOOK  FOR  1891.  A 
Comprehensive  Handbook  of  the  Latest  Prices  and  Data  for  Builders. 
Architects,  Engineers,  and  Contractors. '  Re-constructed,  Re-written,  ana 
greatly  Enlarged.  By  Francis  T.  W.  Miller,  A.R.I.B.A.  6<o  pages. 
3s.  6d. ;  cloth  boards,  4s.  \3*$t  Published. 

182.  CARPENTRY  AND  JOINERY— Tins.  Elementary  Prin- 
ciples of  Carpentry.  Chiefly  composed  from  the  Standard  Work  of 
Thomas  Trbdgold.  C.E.  With  a  TREATISE  ON  JOINERY  by  E. 
Wyndham  Tarn,  M.A.    Fifth  Edition,  Revised.    3s.  6d.f 

182*.  CARPENTRY  AND  JOINERY.  ATLAS  of  35  Plates  to 
accompany  the  above.  With  Descriptive  Letterpress.  4to.  6s. 
185.  THE  COMPLETE  MEASURER  ;  the  Measurement  of  Boards! 
Glass.  &c. ;  Unequal-sided,  Square-sided,  Octagonal-sided,  Round  Timber 
and  Stone,  and  Standing  Timber,  &c.  By  Richard  Morton.  Fifth 
Edition.     4s. ;  strongly  bound  in  leather,  5s. 

187.  HINTS  TO   YOUNG  ARCHITECTS.     By  G.  WlOHTWlCK. 

New  Edition.    By  G.  H.  Guillaumb.    Illustrated.    3s.  6d.£ 

188.  HOUSE  PAINTING,  GRAINING,  MARBLING,  AND  SIGN 

WRITING  :  with  a  Course  of  Elementary  Drawing  for  House-Painters,  Sign- 
Writers,  8tc.,  and  a  Collection  of  Useful  Receipts.  By  Ellis  A.  Davidson. 
Sixth  Edition.   With  Coloured  Plates     5s.  cloth  limp ;  6s.  cloth  boards. 

189.  THE   RUDIMENTS    OF   PRACTICAL    BRICKLAYING. 

In  Six  Sections :  General  Principles ;  Arch  Drawing,  Cutting,  and  Setting : 
Pointing;  Paving,  Tiling,  Materials;  Slating  and  Plastering {  Practical 
Geometry,  Mensuration,  Sx.    By  Adam  Hammond.   Seventh  Edition,  zs.  6d. 

191.  PLUMBING.    A  Text-Book  to  the  Practice  of  the.  Art  or  Craft  of 

the  Plumber.  With  Chapters  upon  House  Drainage  and  Ventilation.  Fifth 
Edition.    With  380  Illustrations.    By  W.  P.  Buchan.    3s.  6<L* 

192.  THE  TIMBER  IMPORTER'S,  TIMBER  MERCHANTS, 

and  BUILDER'S  STANDARD  GUIDE.    By  R.  E.  Grand*,    m. 

206.  A  BOOK  ON  BUILDING,  Civil  and  Ecclesiastical,  including 
Church  Restoration.  With  the  Theory  of  Domes  and  the  Great  Pyramid, 
&c.  By  Sir  Edmund  Beckett,  Bart.,  LL.D.,  Q.C.,  F.R.A.S.    48.  6d.t 

226.  THE  JOINTS  MADE  AND  USED  BY  BUILDERS  in  the 
Construction  of  various  kinds  of  Engineering  and  Architectural  Works.  By 
W  will  J.  Christy,  Architect.  With  upwards  of  160  Engravings  on  Wood.  %%.% 

228.  THE  CONSTRUCTION  OF  ROOFS  OF  WOOD  AND  IRON. 
By  E.  Wyndham  Tarn,  M.A.,  Architect.  Second  Edition,  revised,    is.  6d. 

The  %  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra. 
7,  STATIONERS'   HALL  COURT,  LUDGATE  HILL,  E.C. 


weale's  rudimentary  series. 


Architecture,  Building,  etc.,  continued. 

229.  ELEMENTARY  DECORATION:  as  applied  to  the  Interior 

and  Exterior  Decoration  of  Dwelling-Houses,  &c.     By  J.  W.  Facet,    as. 

257.  PRACTICAL  HOUSE  DECORATION.    A  Guide  to  the  Art 

of  Ornamental  Painting.    By  Jambs  W.  Facey.    2%.  6d. 
V  The  too  preceding  Works,  in  One  handsome  Vol.%  half 'bound,  entitled" House 
Decoration,  elementary  and  Practical,"  price  $s. 

230.  HANDRAILING.    Showing  New  and  Simple  Methods  for  finding 

the  Pitch  of  the  Plank,  Drawing  the  Moulds,  Bevelling,  Tointing-up,  and 
Squaring  the  Wreath.  By  George  Colunos.  Second  Edition,  Revised 
including  A  Treatise  on  Stairbuilding.    Plates  and  Diagrams.    ss.6d, 

247.  BUILDING  ESTATES :  a  Rudimentary  Treatise  on  the  Develop- 

ment, Sale,  Purchase,  and  General  Management  of  Building  Land.  By 
Fowler  Maitland,  Surveyor.    Second  Edition,  revised,    ss. 

248.  PORTLAND  CEMENT  FOR   USERS.    By  Henry  Faija, 

Assoc.  M.  Inst.  C.E.    Third  Edition,  corrected.    Illustrated.    2s. 

252.  BRICKWORK:   a  Practical  Treatise,  embodying  the  General 

and  Higher  Principles  of  Bricklaying,  Cutting  and  Setting,  fcc     By  F. 

Walker.    Second  Edition,  Revised  and  Enlarged,    is.  6d. 
23.  THE  PRACTICAL  BRICK  AND  TILE  BOOK.  Comprising: 
189.     Brick  and  Tile  Making,  by  E.  Dobson,  A.I.C.E.;  Practical  Bricklay- 
165.     ing,  by  A.  Hammond  ;  Brickcutting  and  Setting,  by  A.  Hammond.    534 

pp.  with  270  Illustrations.    6s.    Strongly  half-bound. 

253.  THE    TIMBER  MERCHANT'S,   SAW-MILLER'S,   AND 

IMPORTER'S  FREIGHT-BOOK  AND  ASSISTANT.  By  Wm.  Rich- 
ardson.  With  a  Chapter  on  Speeds  of  Saw-Mill  Machinery,  &c  By 
M.  Powrs  Bale,  A.M.Inst.C.E.    3s.* 

258.  CIRCULAR    WORK  IN  CARPENTRY  AND   70INERY. 

A  Practical  Treatise  on  Circular  Work  of  Single  and  Double  Curvature. 
By  George  Collings.   Second  Edition,  ss.  6d. 

259.  GAS   FITTING:    A  Practical   Handbook   treating   of  every 

Description  of  Gas  Laying  and  Fitting.  By  John  Black.  With  12a  Illus- 
trations,   ss.  6d4 

261.  SHORING  AND  ITS  APPLICATION:  A  Handbook  for  the 
Use  of  Students.    By  George  H.  Blagrovk.    zs.  6d.       [Justpublished. 

265.  THE  AR  T  OF  PR  A  CTICAL  BRICKCUTTING  <&•  SETTING. 
By  Adam  Hammond.    With  go  Engravings,    is.  6d.  [Just 'published. 

267.  THE  SCIENCE  OF  BUILDING:  An  Elementary  Treatise  on 
the  Principles  of  Construction.  Adapted  to  the  Requirements  of  Architec- 
tural Students.  By  E.  Wyndham  Tarn.  M.A.  LoncL  Third  Edition,  Revised 
and  Enlarged.    With  59  Wood  Engravings.    3s.  6d.t        [Just published. 

271,  VENTILATION :  a  Text-book  to  the  Practice  of  the  Art  of 
Ventilating  Buildings,  with  a  Supplementary  Chapter  upon  Air  Testing.  By 
William  Paton  Buchan,  R.P.,  Sanitary  and  Ventilating  Engineer,  Author 
of  "  Plumbing,"  &c.    38.  6d.*  [Just published. 

SHIPBUILDING,   NAVIGATION,   MARINE 

ENGINEERING,  ETC. 

51.  NA  VAL  ARCHITECTURE.  An  Exposition  of  the  Elementary 
Principles  of  the  Science,  and  their  Practical  Application  to  Naval  Construe* 
turn.    By  J.  Peaks.    Fifth  Edition,  with  Plates  and  Diagrams.    3s.  6d4 

53».  SHIPS  FOR  OCEAN  6*  RIVER  SERVICE,  Elementary  and 
Practical  Principles  of  the  Construction  of.   By  H.  A.  Sommerfbldt.  is.  6d. 
53*».  AN  ATLAS  OFENGRA  VINGS  to  Illustrate  the  above.  Twelve 
large  folding  plates.    Royal  4to,  cloth.    7s.  6d. 

54.  MASTING,  MAST-MAKING,  AND  RIGGING  OF  SHIPS, 

Also  Tables  of  Spars,  Rigging,  Blocks ;  Chain,  Wire,  and  Hemp  Ropes, 
ax.,  relative  to  every  class  of  vea 


vessels.    By  Robert  Kipping,  NJL 
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Shipbuilding,  Navigation,  Marine  Engineering,  etc.,  cont. 

54*.  IRON  SHIPBUILDING.  With  Practical  Examples  and  Details. 
By  Johh  Grantham.  C.E.    Fifth  Edition.    4a. 
55.  THE  SAILOR'S  SEA  BOOK:  a   Rudimentary  Treatise   on 
Navigation.    By  Jambs  Greenwood,  B.A.    With  numerous  Woodcuts  and 
Coloured  Plates.    New  and  enlarged  edition.    By  W.  H.  Rossbr.    sa>  6d4 
80.  MARINE  ENGINES  AND  STEAM  VESSELS.   By  Robert 
Murray,  C.E.    Eighth  Edition,  thoroughly  Revised,  with  Additions  by  the 
Author  and  by  Gborgh  Carlisle,  C.E.    4s.  6d.  limp ;  5s.  cloth  boards. 
83 bis.  THE  FORMS  OF  SHIPS  AND  BOATS.     By  W.  BLAND. 
Seventh  Edition,  Revised,  with  numerous  Illustrations  and  Models,  zs.  6d. 
99.  NAVIGATION  AND  NAUTICAL  ASTRONOMY,  in  Theory 

and  Practice.   By  Prof.  J.  R.  Young.    New  Edition,    as.  6d. 

106.  SHIPS' ANCHORS,  a  Treatise  on.  By  G.  Cotskll,  N.A.    is.6d. 

149.  SAILS  AND  SAIL-MAKING.  With  Draughting,  and  the  Centre 

of  Effort  of  the  Sails ;  Weights  and  Sixes  of  Ropes ;   Masting,  Rigging, 

and  Sails  of  Steam  Vessels,  flee.  12th  Edition.  By  R.  Kipping,  NJL,  as.  6d7t 

155.  ENGINEER'S  GUIDE  TO  THE  ROYAL  6V  MERCANTILE 

NAVIES.    By  a  Practical  Engineer.    Revised  by  D.  F.  M'Carthy.    3s. 


5c   PRACTICAL   NAVIGATION.      Consisting   of  The    Sailor's 
Problems.    By  H.  Law,  C.E.,  and  Prof.  J.  R.  Young.    7s.    H&lf-Dound. 


£      Sea-Book.    By  Jambs  Grssnwood  and  W.  H.  Rossbr.     Together  with 
+nA     the  requisite  Mathematical  and  Nautical  Tables  for  the  Working  of  the 

*"*•     Pmhlfimi.      R«  TT.  Uv.  CM?...  and  Prof.  T    R.  VniniA.     •»■.     TTalf.h/innri. 


AGRICULTURE,  GARDENING,  ETC. 

bi*.A  COMPLETE  READY  RECKONER  FOR  THE  AD  ME  A- 
SUREMENT  OF  LAND,  flic.  By  A.  Arman.  Third  Edition,  revised 
and  extended  by  C.  Norris,  Surveyor,  Valuer,  he.  28. 

131.  MILLER'S,  CORN  MERCHANTS,  AND  FARMER'S 
READY  RECKONER.  Second  Edition,  with  a  Price  List  of  Modern 
Flour- Mill  Machinery,  by  W.  S.  Hutton,  C.E.    2s. 

140.  SOILS,  MANURES,  AND  CROPS.    (Vol.  1.  Outlines  of 

Modrrn  Farming.)    By  R.  Scott  Burn.    Woodcuts,    ss. 

141.  FARMING  6*  FARMING  ECONOMY,  Notes,  Historical  and 

Practical,  on.  (Vol.  a.  Outlines  of  Modern  Farming.)  By  R.  Scott  Burn.  3s. 

142.  STOCK;   CATTLE,    SHEEP,   AND    HORSES.      (Vol.    3. 

Outlines  of  Modrrn  Farming.)    By  R.  Scott  Burn.  Woodcuts,    ss.  64. 

145.  DAIRY,  PIGS,  AND  POULTRY,  Management  of  the.     By 

R.  Scott  Burn.    (Vol.  4.  Outlines  of  Modern  Farming.)    as* 

146.  UTILIZATION     OF     SEWAGE,     IRRIGATION,      AND 

RECLAMATION  OF  WASTE  LAND.    (Vol.  5.  Outlines  of  Modern 
Farming.)    By  R.  Scott  Burn.    Woodcuts.    2s.  od. 
*#*  Not.  140-X-2-5-6,  tn  One  Vol.^handsomely  half-bound,  entitled  "  Outlines  of 
Modern  Farming."   By  Robert  Scott  Burn.    Price  12s. 

177.  FRUIT  TREES,  The  Scientific  and  Profitable  Culture  of.  From 
the  French  of  Du  Brbuil.  Revised  by  Geo.  Glbnnv.  187  Woodcuts.  3s.  6d.i 

198.  SHEEP;  THE  HISTORY,  STRUCTURE, ECONOMY,  AND 
DISEASES  OF.  By  W.  C.  Spoonbr.  M.R.V.C.,  &c.  Fifth  Edition, 
enlarged,  including  Specimens  ot  New  and  Improved  Breeds.   3s.  6d.$ 

BOi.  KITCHEN  GARDENING  MADE  EASY.   By  George  M.  F. 

Glbnny.    Illustrated,    is.  6d.t 

207.  OUTLINES  OF  FARM  MANAGEMENT,  and  the  Organi- 
zation of  Farm  Labour.   By  R.  Scott  Burn.    28.  6d.t 
ao8.  OUTLINES   OF  LANDED   ESTATES  MANAGBMEN2 
By  R.  Scott  Burn.   2s.  6d. 
%•  No*.  207  &-  208  in  One  Vol.,  handsomely  half-bound,  entitled  "  Outlines  of 
Landed  Estates  and  Farm  Management."    By  R.  Scott  Burn.    Price  6s. 

The  t  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra. 
J,   STATIONERS1  HALL  COURT,   LUDGATE  HILL,   E.C. 


8  weale's  rudimentary  series. 

Agriculture,  Gardening,  etc.,  continued. 

209.  THE  TREE  PLANTER  AND  PLANT  PROPAGATOR. 

A  Practical  Manual  on  the  Propagation  of  Forest  Trees,  Fruit  Trees, 
Flowering  Shruba,  Flowering  Plants,  fcc.     By  Samubl  Wood.    as. 

210.  THE  TREE  PRUNER.   A  Practical  Manual  on  the  Pruning  of 

Fruit  Trees,  including  also  their  Training  and  Renovation:  also  the  Pruning 
of  Shrubs,  Climbers,  and  Flowering  Plants.    By  Samubl  Wood.    is.  6d. 

V  Nat.  son  A*  szo  in  One  Vol.,  handsomely  half-bound  entitled  "Thb  Tub* 
Planter,  Propagator,  and  Prunbr."    By  Samubl  wood.    Price  3*.  6d. 

218.  THE  HA  Y  AND  STRA  W  MEASURER  :  Being  New  Tables 
for  the  Use  of  Auctioneers,  Valuers,  Farmers,  Hay  and  Straw  Dealers,  fcc. 
By  John  Stbblb.  Fourth  Edition,  as. 

222.  SUBURBAN  FARMING.  The  Laying-oat  and  Cultivation  of 
Farms,  adapted  to  the  Produce  of  Milk,  Butter,  and  Cheese,  Eggs,  Poultry, 
and  Pigs.    By  Pro£  John  Donaldson  and  R.  Scott  Burn.    3s.  6cU 

231.  THE  ART  OF  GRAFTING  AND  BUDDING.    By  Charles 

Baltbt.    With  Illustrations. '  as.  6d4 

232.  COTTAGE  GARDENING;  or,  Flowers,  Fruits,  and  Vegetables 

for  Small  Gardens.    By  £.  Hobday,    is.  6d. 

233.  GARDEN  RECEIPTS.    Edited  by  Cha&LRS  W.  Quin.    is.6d. 

234.  MARKET  AND  KITCHEN  GARDENING.  By  C.  W.  Shaw, 
riateJEditor of  "Gardening  Illustrated."    3s.*  {Just published. 

239.  DRAINING  AND  EMBANKING.    A  Practical  Treatise,  em- 

bodying the  most  recent  experience  in  the  Application  of  Improved  Methods. 
By  John  Scott,  late  Professor  of  Agriculture  and  Rural  ^Economy  at  the 
Royal  Agricultural  College,  Cirencester.    With  68  Illustrations,    xs*  6d. 

240.  IRRIGATION AND  WATER  SUPPLY.   A  Treatise  on  Water 

Meadows,  Sewage  Irrigation,  and  Warping;  the  Construction' of  Wells, 
Ponds,  and  Reservoirs,  &c.    By  Prof.  John  Scott.    With  34  lllus.  is.  6d. 

241.  FARM  ROADS,    FENCES,   AND    GATES.     A   Practical 

Treatise  on  the  Roads,  Tramways,  and  Waterways  of  the  Farm;  the 
Principles  of  Enclosures ;  and  the  different  kinds  of  Fences,  Gates,  and 
Stiles.    By  Professor  John  Scott.    With  75  Illustrations,    is.  6d. 

242.  FARM  BUILDINGS.     A  Practical  Treatise  on  the  Buildings 

necessary  for  various  kinds  of  Farms,  their  Arrangement  and  Construction, 
with  Plans  and  Estimates.    By  Prof.  John  Scott.   With  105  IUus.    as. 

243.  BARN  IMPLEMENTS   AND    MACHINES.     A   Practical 

Treatise  on  the  Application  of  Power  to  the  Operations  of  Agriculture  j  and 
on  various  Machines  used  in  the  Threshing- bam,  in  the  Stock-yard,  and  in  the 
Dairy,  fcc.  By  Prof.  J.  Scott.  With  123  Illustrations,  as. 

244.  FIELD  IMPLEMENTS  AND  MACHINES.      A   Practical 

Treatise  on  the  Varieties  now  in  use,  with  Principles  and  Details  of  Con- 
struction,  their  Points  of  Excellence,  and  Management.  By  Professor  John 
Scott.    With  138  Illustrations,    as. 

245.  AGRICULTURAL  SURVEYING.  A  Practical  Treatise  on 
Land  Surveying,  Levelling,  and  Setting-out ;  and  on  Measuring  and  Esti- 
mating Quantities,  Weights,  and  Values  of  Materials,  Produce,  Stock,  fcc. 
By  Prof.  John  Scott.    With  62  Illustrations,    is.  6d. 


•  • 


Nos.  239  to  245  in  One  Vol.,  handsomely  half-bound,  entitled  "  Thb  Complstb 
Tbxt-Book  of  Farm  Engineering."    By  Professor  John  Scott.    Price  its. 

250.  MEA  T  PRODUCTION.  A  Manual  for  Producers,  Distributors, 
fcc.    By  John  Ewart.    2s.  6d.t 

266.  BOOK-KEEPING  FOR  FARMERS  &  ESTATE  OWNERS. 
By  J.  M.  Woodman,  Chartered  Accountant,  as.  6d\  cloth  limp ;  3s.  6d. 
cloth  boards.  [Just  Published. 

The  %  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d  extra. 
LONDON:   CROSBY  LOCKWOOD   AND  SON, 


WEALE'S  RUDIMENTARY  SERIES. 


MATHEMATICS,   ARITHMETIC,   ETC. 
32.  MATHEMATICAL   INSTRUMENTS,   a  Treatise  on;  Their 


.,  Illustvated.    2s.t  [Just published. 

%•  /«  ordering  the  above,  be  careful  to  say,  "  Original  Edition  "  {No.  32),  &  distin- 
guish it  from  the  Enlarged  Edition  in  3  vols.  (Nos.  168-9-70.) 

76.  DESCRIPTIVE  GEOMETRY,  an  Elementary  Treatise  on; 
with  a  Theory  of  Shadows  and  of  Perspective,  extracted  from  the  French  of 
G.  Mono*.  To  which  is  added,  a  description  of  the  Principles  and  Practice 
of  Isometrical  Projection.    By  J.  F.  Heather,  M.A.    With  14  Plates.    2s. 

178.  PRACTICAL  PLANE  GEOMETRY:  giving  the  Simplest 
Modes  of  Constructing  Fig-ores  contained  in  one  Plane  and  Geometrical  Con- 
struction of  the  Ground.  By  J.  F.  Heather,  M.A.  With  2x5  Woodcuts,  ss. 

83.  COMMERCIAL  BOOK-KEEPING.  With  Commercial  Phrases 

and  Forms  in  English,  French,  Italian,  and  German.    By  Jambs  Haddon, 
M.A.,  Arithmetical  Master  of  King's  College  School,  London,    is.  6cL 

84.  ARITHMETIC,  a  Rudimentary  Treatise  on :  with  full  Explana- 

tions of  its  Theoretical  Principles,  and  numerous  Examples  for  Practice.    By 
Professor  J.  R.  Young.    Eleventh  Edition,    zs.  6d. 

84*.  A  KLby  to  the  above,  containing  Solutions  in  full  to  the  Exercises,  together 
with  Comments,  Explanations,  and  Improved  Processes,  for  the  Use  of 
Teachers  and  Unassisted  I<earners.    By  J.  R.  Young,    is.  6d. 

85.  EQUATIONAL  ARITHMETIC,  applied  to  Questions  of  Interest, 

Annuities,  Life  Assurance,  and  General  Commerce ;  with  various  Tables  by 
which  all  Calculations  may  be  greatly  facilitated.   By  W.  Hipslky.    ss. 

86.  ALGEBRA,    the  Elements   of.      By  James   Haddon,    M.A. 

With  Appendix,  containing  miscellaneous  Investigations,  and  a  Collection 
of  Problems  in  various  parts  of  Algebra.    2s. 
86*.  A  Key  and  Companion  to  the  above  Book,  forming  an  extensive  repository  of 
Solved  Examples  and  Problems  in  Illustration  of  the  various  Expedients 
necessary  in  Algebraical  Operations.    By  J.  R.  Young,    zs.  6d. 

88.  EUCLID,  The  Elements  of  :  with  many  additional  Propositions 

89.  and  Explanatory  Notes :  to  which  is  prefixed,  an  Introductory  Essay  on 
Logic.    By  Henry  Law,  C.E.    ss.  6d.* 

•*•  Sold  also  separately,  viz.  .*— 
88.      Euclid,  The  First  Three  Books.    By  Henry  Law,  C.E.    zs.  6d. 
80.     Euclid,  Books  4,  5,  6,  zz,  12.    By  Henry  Law,  C.E.    zs.  6d. 

90.  ANALYTICAL    GEOMETRY  AND    CONIC   SECTIONS, 

By  Jambs  Hann.    A  New  Edition,  by  Professor  J.  R.  Young,    as.} 

91.  PLANE    TRIGONOMETRY,  the    Elements    of.     By  James 

Hann,  formerly  Mathematical  Master  of  King's  College,  London,    zs.  6d. 

92.  SPHERICAL  TRIGONOMETR  Y,  the  Elements  of.    By  James 

Hann.    Revised  by  Charles  H.  Dowling,  C.E.    zs. 
V  Or  with  "  The  Elements  of  Plane  Trigonometry,"  in  One  Volume,  is.  6d. 

93.  MENSURATION  AND  MEASURING.  With  the  Mensuration 

and  Levelling  of  Land  for  the  Purposes  of  Modern  Engineering.    By  T. 
Baker,  C.E.    New  Edition  by  E.  Nugent,  C.E.    Illustrated,    zs.  6d. 

101.  DIFFERENTIAL  CALCULUS,  Elements  of  the.    By  W.  S.  B. 

Woolhousb,  F.R.A.S.,  8cc.    zs.  6d. 

102.  INTEGRAL  CALCULUS,  Rudimentary  Treatise  on  the.     By 

Hombrsham  Cox,  B.A.    Illustrated,    zs. 

136.  ARITHMETIC,  Rudimentary,  for  the  Use  of  Schools  and  Self- 

Instruction.    By  Jambs  Haddon,  M.A.    Revised  by  A.  Arman.    zs.  6d. 

137.  A  Key  to  Haddon's  Rudimentary  Arithmetic.    By  A.  Arman.    is.  6d. 

The  %  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra. 
7,   STATIONERS'  HALL  COURT,   LUDGATE    HILL,  E.C. 


XO  WSALK'S  RUDIMENTARY  SERIES. 

Mathematics,  Arithmetic,  etc.,  continued. 

168.  DRAWING  AND  MEASURING  INSTRUMENTS.    Includ- 

ing—T.  Instruments  employed  in  Geometrical  and  Mechanical  Drawing, 
and  in  the  Construction,  Copying;,  and  Measurement  of  Maps  and  Plana. 
II.  Instruments  used  for  the  purposes  of  Accurate  Measurement,  and  lor 
Arithmetical  Computations.    By  J.  F.  Hbathbr,  M.A.   Illustrated,   is.  6d. 

169.  OPTICAL  INSTRUMENTS.    Including  (more  especially)  Tele- 

scopes, Microscopes,  and  Apparatus  for  producing  copies  of  Maps  and  Plana 
by  Photography.    By  J.  F.  Hbathbr,  M.A.    Illustrated,    zs.  od. 

170.  SURVEYING    AND   ASTRONOMICAL   INSTRUMENTS. 

Including — I.  Instruments  Used  for  Determining  the  Geometrical  Features 
of  a  portion  of  Ground.  II.  Instruments  Employed  in  Astronomical  Observa- 
tions.   By  J.  F.  Hbathbr,  M.A.    Illustrated,    is.  6d. 
%*  751*  above  three  volumes  form  an  enlargement  of  the  Author's  original  work 
" Mathematical  Instruments."    (See  No.  32  in  the  Series.), 

x6*v*  MATHEMATICAL  INSTRUMENTS.    By  J.  F.  Heather, 

169.  >  M  A.  Enlarged  Edition,  for  the  most  part  entirely're- written.  The  3  Parts  as 

170.  J  above,  in  One  thick  Volume.  With  numerous  Illustrations.  4s.  6d.$ 

158.  THE  SLIDE  RULE,  AND  HOW  TO  USE  IT;  containing 
full,  easy,  and  simple  Instructions  to  perform  all  Business  Calculations  with 
unexampled  rapidity  and  accuracy.  By  Charlbs  Hoarb,  C.E.  Fifth 
Edition.    With  a  Slide  Rule  in  tuck  of  cover,    as.  6d.t 

196.  THEORY  OF  COMPOUND  INTEREST  AND  ANNUL 
TIES ;  with  Tables  of  Logarithms  for  the  more  Difficult  Computations  of 
Interest,  Discount,  Annuities,  &c.    By  FfoOR  Thoman.    as.$ 

199.  THE  COMPENDIOUS  CALCULATOR  ;  or,  Easy  and  Concise 
Methods  of  Performing  the  various  Arithmetical  Operations  required  in 
Commercial  and  Business  Transactions ;  together  with  Useful  Tables.  By 
D.  O'Gorman.  Twenty-seventh  Edition,  carefully  revised  by  C.  Norris. 
2s.  6d«  cloth  limp ;  3s.  6d.,  strongly  half-bound  in  leather. 

204.  MATHEMATICAL  TABLES,  for  Trigonometrical,  Astronomical, 
and  Nautical  Calculations ;  to  which  is  prefixed  a  Treatise  on  Logarithms. 
By  Hbnry  Law,  C.E.  Together  with  a  Series  of  Tables  for  Navigation 
and  Nautical  Astronomy.  By  Prof.  J.  R.  Young.  New  Edition.  4s. 
«04».  LOGARITHMS.  With  Mathematical  Tables  for  Trigonometrical, 
AstronomicaL  and  Nautical  Calculations.  By  Hbnry  Law,  M.Inst.CE.  New 
and  Revised  Edition.  (Forming  part  of  the  above  Work).  38. 

SSI.  MEASURES,  WEIGHTS,  AND  MONEYS  OF  ALL  NA- 
TIONS, and  an  Analysis  of  the  Christian,  Hebrew,  and  Mahometan  Calen- 
dars.   ByW.S.B.WooLHOUSS,  F.R.A.S.,  F.S.S.   Seventh  Edition,  ts.6d.t 

IS7.  MATHEMATICS  AS  APPLIED  TO  THE  CONSTRUC- 
TIVE ARTS.  Illustrating  the  various  processes  of  Mathematical  Investi- 
gation, by  means  of  Arithmetical  and  Simple  Algebraical  Equations  and 
Practical  Examples.    Qy  Francis  C ampin,  C.E.    Second  Edition.    3s.* 

PHYSICAL    SCIENCE,    NATURAL    PHILO- 
SOPHY, ETC. 

1.  CHEMISTRY.  By  Professor  George  Fownes,  F.R.S.  With 
an  Appendix  on  the  Application  of  Chemistry  to  Agriculture,    is. 

s.  NATURAL  PHILOSOPHY,  Introduction  to  the  Study  ofc  By 
C.  Tomunson.    Woodcuts,    is.  6d. 

6.  MECHANICS,  Rudimentary  Treatise  on.     By  Charles  Tom- 

linson.    Illustrated,    zs.  6d. 

7.  ELECTRICITY;  showing  the  general  Principles  of  Electrical 

Science,  and  the  purposes  to  which  it  has  been  applied.  By  Sir  W.  Snow 
Harris,  F.R.S.,  &c.     With  Additions  by  R.  Sabinb,  C.E.,  F.S.A.    is.  6<L 

7».  GALVANISM.    By  Sir  W.  Snow  Harris.     New  Edition  by 
Robert  Sabinb,  C.B.,  F.S.A.    zs.  6d. 

8.  MAGNETISM;  being  a  concise  Exposition  of  the  General  Prin- 
ciples of  Magnetical  Science.    By  Sir  W.  Snow  Harris.    New  Edition, 

"     "ITm.  Noad,  Ph.D.    With  if    ~     ' 


revised  by  H.  M.  Noap,  Ph.D.    With  165  Woodcuts.    3s.  6d4 

The  %  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extrai 
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Physical  Science,  Natural  Philosophy,  etc.,  continued. 

11.  THE  ELECTRIC  TELEGRAPH;  its  Histoiy  and  Progress; 

with  Descriptions  of  some  of  the  Apparatus.  By  R.  Sabinb,  C.E.,  F.S.A.   js. 

12.  PNEUMATICS,  including  Acoustics  and  the  Phenomena  of  Wind 

Currents,   for  the  Use  of  Beginners      By  Charles  Tomltnson,  F.R.S. 
Fourth  Edition,  enlarged.    Illustrated,    is.  od.  [Just  published. 

72.  MANUAL  OF  THE  MOLLUSCA  ;  a  Treatise  on  Recent  and 
Fossil  Shells.  By.  Dr.  S.  P.  Woodward,  A.L.S.  Fourth  Edition.  With 
Plates  and  300  Woodcuts.    7s.  6d.,  cloth. 

96.  ASTRONOMY.    By  the  late  Rev.  Robert  Main,  M.A.    Third 

Edition,  by  William  Thynnb  Lynn,  B  .A.,  F.R.A.S.    2s. 

97.  STATICS  AND  DYNAMICS,  the  Principles  and  Practice  of; 

embracing  also  a  clear  development  of  Hydrostatics,  Hydrodynamics,  and 
Central  Forces.    By  T.  Bakbr,  C.E.    Fourth  Edition,    is.  6d. 

173.  PHYSICAL  GEOLOGY,  partly  based  on  Major-General  PoRT- 

lock's"  Rudiments  of  Geology/'  By  Ralph  Tatb,A.L.S.,&c.  Woodcuts.  ss. 

174.  HISTORICAL    GEOLOGY,    partly   based    on   Major-General 

PoRTLOCxto  "Rudiments."  By  Ralph  Tats,  A.L.S.,  he.  Woodcuts.  ss.6d. 

173  RUDIMENTARY  TREATISE  ON  GEOLOGY,  Physical  and 

at        Historical.    Partly  based  on  Major-General  Portlock's  '*  Rudiments  of 

174.     Geology."   By  Ralph  Tats,  AX.S.,  F.G.S.,  fcc.    In  One  Volume.  4s.  6d4 

183  ANIMAL  PHYSICS,  Handbook  of.  By  Dr.  Lakdner,  D.C.L., 
&        formerly  Professor  of  Natural  Philosophy  and  Astronomy  in  University 

l8d.  College,  Lond.  With  520  Illustrations.  In  One  Vol.  7s.  6a.,  cloth  boards. 
^"  %*  Sold  also  in  Two  Parts,  as  follows  : — 

183.  Animal  Physics.    By  Dr.  Lardnkr.    Part  I.,  Chapters  I.— VII.    4s. 

184.  Animal  Physics.    By  Dr.  Lardhbr.    Part  II.,  Chapters  VIII.— XvIII.  js. 

269.  LIGHT :  an  Introduction  to  the  Science  of  Optics,  for  the  Use  of 
Students  of  Architecture,  Engineering,  and  other  Applied  Sciences.  By  E. 
Wyndham  Tarn,  M^A..    is.  6d.  [Just  published. 


FINE  ARTS. 

20.  PERSPECTIVE  FOR  BEGINNERS.  Adapted  to  Young 
Students  and  Amateurs  in  Architecture,  Painting,  fee.  By  Gborob  Pyns.  ss. 

40  GLASS  STAINING,  AND  THE  ART  OF  PAINTING  ON 
GLASS,  From  the  German  of  Dr.  Gbssbrt  and  Emanubl  Otto  From- 
bbro.    With  an  Appendix  on  Thb  Art  ov  Enamelling,    as.  6d. 

69.  MUSIC,  A  Rudimentary  and  Practical  Treatise  on.  With 
numerous  Examples.    By  Charlbs  Child  Spbncbr.    ss.  6d. 

71.  PIANOFORTE,  The  Art  of  Playing  the.  With  numerous  Exer- 
cises &  Lessons  from  the  Best  Masters.  By  Charlbs  Child  Spbncbr.  js.6d. 

69-71.  MUSIC  cV  THE  PIANOFORTE.  In  one  vol.  Half  bound,  5s. 
181.  PAINTING  POPULARLY  EXPLAINED,  including  Fresco, 
Oil,  Mosaic,  Water  Colour,  Water-Glass,  Tempera,  Encaustic.  Miniature. 
Painting  on  Ivory,  Vellum.  Pottery,  Enamel,  Glass,  fee.  With  Historical 
Sketches  of  the  Progress  of  the  Art  by  Thomas  John  Gullicx,  assisted  by 
John  Timbs,  F.S  A.  Fifth  Edition,  revised  and  enlarged.  5s.* 
186.  A  GRAMMAR  OF  COLOURING,  applied  to  Decorative 
Painting  and  the  Arts.  By  Gborgb  Fibld.  New  Edition,  enlarged  and 
adapted  to  the  Use  of  the  Ornamental  Painter  and  Designer.  By  Ellis  A. 
Davidson.    With  two  new  Coloured  Diagrams,  &c.    3*4 

246.  A  DICTIONARY  OF  PAINTERS,  AND  HANDBOOK  FOR 
PICTURE  AMATEURS ;  including  Methods  of  Painting,  Cleaning,  Re- 
lining  and  Restoring,  Schools  ofPajnting,  flkc^   With  Notes  on  the  Copyists 

ch  ~~ 


and  Imitators  of  each  Master.    By  Philippe  Daryl.    2s.  6d.J 
The  X  indicates  that  these  vols,  may  be  had  strongly  bound  at  6d.  extra. 
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INDUSTRIAL  AND   USEFUL  ARTS. 

23.  BRICKS  AND  TILES,  Rudimentary  Treatise  on  the  Manufac- 
ture of.    By  E.  Dobson,  M.R.I.BA.    Illustrated,™.* 
67.  CLOCKS,  WATCHES,  AND  BELLS,  a  Rudimentary  Treatise 
on.   By  Sir  Edmund  Beckbtt,  LL.D.,  Q.C.  Seventh  Edition,  revised  and  en- 
larged.   41.  6d-  limp :  51.  6d.  cloth  boards. 
83»».  CONSTRUCTION  OF  DOOR  LOCKS.     Compiled  from  the 
Papers  of  A.  C.  Hobbs,  and  Edited  by  Charles  Tomunson.  F.R.S.  as.  6d. 
162.  THE  BRASS  FOUNDER'S    MANUAL;    Instructions    for 
Modelling,    Pattern-Making,    Moulding,    Turning,    Filing,    Burnishing, 
Bronzing,  fcc  With  copious  Receipts,  &c.    By  Walter  Graham.    s*4 
205.  THE  ART  OF  LETTER  PAINTING  MADE  EASY.     By 
J.  G.  Badbnoch.  Illustrated  with  12  full -page  Engravings  of  Examples,  n.  6d- 
215.  THE  GOLDSMITHS  HANDBOOK,  containing  ftiQ  Instruc- 

tiom  for  the  Alloying  and  Working  of  Gold.    By  Gborob  E.  Gbb,    *s4 
225.  THE   SILVERSMITH'S   HANDBOOK,    containing   full  In- 
structions for  the  Alloying  and  Working  of  Silver.  By  Gbokgb  E.  Go.  jmA 
V  The  **»  preceding  Works,  in  One  handsome  Vo*.,  half-bound,  entitled  "Thb 

Goldsmith's  fc  Silversmith's  Complbtb  Handbook,"  is. 
.249.  THE  HALL-MARKING  OF  JEWELLERY  PRACTICALLY 

CONSIDERED.    By  Gborgb  E.  Gbb.    *s4 
224.  COACH  BUILDING,   A   Practical    Treatise,    Historical   and 
Descriptive.    By  J.  W.  Buroiss.    as.  6d.t 

235.  PRACTICAL  ORGAN  BUILDING.     By  W.  E.  Dickson, 

MA.,  Precentor  of  Ely  Cathedral.    Illustrated,    as.  6d.X 

262.  THE    ART   OF  BOOT  AND   SHOEMAKING.    By  John 

Bedford  Leno.    Numerous  Illustrations.    Third  Edition,    as. 

263.  MECHANICAL  DENTISTRY:  A  Practical  Treatise  on  the 

Construction  of  the  Various  Kinds  of  Artificial  Dentures,  with  Formube, 
Tables,  Receipts,  &c.    By  Charles  Hunter.    Third  Edition.    3s.* 
270.   WOOD  ENGRAVING:  A  Practical  and  Easy  Introduction  to 
the  Study  of  the  Art.    By  W.  N.  Brown,    is.  6d. 

MISCELLANEOUS    VOLUMES. 
36.  A  DICTIONARY  OF  TERMS  used  in  ARCHITRC7URB, 

BUILDING,  ENGINEERING,  MINING,  METALLURGY,  ARCHAE- 
OLOGY, the  FINE  ARTS,  &-c.  By  John  Wbalb.  Fifth  Edition.  Revised 
by  Robert  Hunt,  F.R.S.    Illustrated.    5s.  limp  ;  6s.  cloth  boards. 

50.  THE  LAW  OF  CONTRACTS  FOR  WORKS  AND  SER- 
VICES.   By  David  Gibbons.    Third  Edition,  enlarged,    ts.* 

12.  MANUAL  OF  DOMESTIC  MEDICINE.    By  R.  Gooding, 

B.A.,  M.D.    A  Family  Guide  in  all  Cases  of  Accident  and  Emergency     as. 
2*.  MANAGEMENT  OF  HEALTH.    A  Manual  ol  Home  and 

Personal  Hygiene.    By  the  Rev.  Jambs  Baird,  B A.    is. 
50.  LOGIC,  Pure  and  Applied.     By  S.  H.  Emmens.     is.  6d. 

53.  SELECTIONS    FROM    LOCKE'S    ESSAYS    ON     THE 
HUMAN  UNDERSTANDING.    With  Notes  by  S.  H.  Emmens.    bs. 

54.  GENERAL  HINTS  TO  EMIGRANTS.    2s. 
57.  THE  EMIGRANTS   GUIDE   TO   NATAL.      By  Robert 

Jambs  Mann,  F.R.A.S.,  F.M.S.    Second  Edition.    Map.    as. 

93.  HANDBOOK  OF  FIELD  FORTIFICATION  By  Major 
W.  W.  Knollys,  F.R.G.S.    With  i6t_Woodcuts.    *s4 

94,  THE  HOUSE  MANAGER:  Being  a  Guide  to  Housekeeping. 
Practical  Cookery,  Pickling  and  Preserving,  Household  Work,  Dairy 
Management,  &c.    By  An  Old  Housbkbbpbr.    3s.  6d.± 

94*  HOUSE  BOOK  {The).  Comprising :— I.  The  House  Manager. 

2  &    By  an  Old  Housbkbbpbr.   II.  Domestic  Medicine.   By  R.  Gooding,  MJ>. 
12*.  HI.  Management  op  Health.    By  J.  Baird.    In  One  Vol.,  half-bound,  6a. 

The  t  indicates  that  these  vols  may  be  had  strongly  bound  at  6d.*xtr*+ 
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EDUCATIONAL  AND  CLASSICAL  SERIES. 


HISTORY. 

1.  England,  Outlines  of  the  History  of;  more  especially  with 

reference  to  the  Origin  and  Progress  of  the  English  Constitution.  By 
William  Douglas  Hamilton,  F.S.A.,  of  Her  Majesty's  Public  Record 
Office.    4th  Edition,  revised.    5s. ;  cloth  boards,  6s. 

5.  Greece,  Outlines  of  the  History  of:  in  connection  with  the 

Rise  of  the  Arts  and  Civilisation  in  Europe.  By  W.  Douglas  Hamilton. 
of  University  College,  London,  and  Edward  Lbvibn,  M.A.,  of  Balliol 
College,  Oxford,    as.  6d. ;  doth  boards,  3s.  6d. 

7-  Rome,  Outlines  of  the  History  of:  from  the  Earliest  Period 

to  the  Christian  Era  and  the  Commencement  of  the  Decline  of  the  Empire. 
By  Edward  Lbvibn,  of  Balliol  College,  Oxford.  Map,  ss.  6d. ;  cl.  bds.  3s.  6d. 

9.  Chronology  of  History-  Art,  Literature,  and  Progress, 

from  the  Creation  of  the  World  to  the  Present  Time.  The  Continuation  by 
W.  D.  Hamilton,  F.S.A.    3s. ;  cloth  boards,  3a.  6d. 

50.  Dates  and  Events  In  English  History,  for  the  use  of 

Candidates  in  Public  and  Private  Examinations.    By  the  Rev.  E.  Rand.    is. 


ENGLISH  LANGUAGE  AND  MISCELLANEOUS. 

11.  Grammar  of  the  English  Tongue,  Spoken  and  Written. 

With  an  Introduction  to  the  Study  of  Comparative  Philology.  By  Hydi 
Clarkx,  D.C.L.    Fourth  Edition,    is.  6d. 

12.  Dictionary  of  the  English    Language,  as  Spoken  and 

Written.  Containing  above  100,000  Words.  By  Hydi  Clarkb,  D.C.L. 
3s.  6d. ;  cloth  boards,  4s.  6d. ;  complete  with  the  Grammar,  cloth  bds.,  5s.  6d. 

48.  Composition   and   Punctuation,  familiarly  Explained  for 

those  who  have  neglected  the  Study  of  Grammar.  By  Justin  Brrnan 
18th  Edition,    zs.  6a. 

49.  Derivative  Spelling-Book:  Giving  the  Origin  of  Every  Word 

from  the  Greek,  Latin,  Saxon,  German,  Teutonic,  Dutch,  French,  Spanish, 
and  other  Languages ;  with  their  present  Acceptation  and  Pronunciation. 
By  J.  Rowbotbam,  F.RJLS.    Improved  Edition,    zs.  6d. 

51.  The  Art  of  Extempore  Speaking:  Hints  for  the  Pulpit,  the 

Senate,  and  the  Bar.  By  M.  Bautain,  Vicar-General  and  Professor  at  the 
Sorbonne.  Translated  from  the  French.  8th  Edition,  carefully  corrected.  as.6d. 

54.  Analytical  Chemistry,  Qualitative  and  Quantitative,  a  Course 
of.  To  which  is  prefixed,  a  BrieiTreatise  upon  Modern  Chemical  Nomencla- 
ture and  Notation.    By  Wm.  W.  Pink  and  Gborob  E.  Wbbstbr.    as. 

THE    SCHOOL    MANAGERS'   SERIES   OF  READING 

BOOKS, 

Edited  by  the  Rev.  A.  R.  Grant,  Rector  of  Hitcham,  and  Honorary  Canon  of  Ely; 

formerly  H.M.  Inspector  of  Schools. 
Introductory  Primbr,  id, 

s.  d. 

Fourth  Standard       .       .       .    z  a 

Fifth."         „       .       .       .       .    z  6 

Sixth'           „ z  6 

Lbssons  from  thb  "Bible.    Part  I.    Old  Testament,    zs. 

Lbssons  from  thb  Biblb.  Part  II.  New  Testament^  to  which  is  added 
Thb  Geography  of  thb  Biblb,  for  very  young  Children.  By  Rev.  C. 
Thornton  Forstbr.     zs.  ad.    *#*  Or  the  Two  Parts  in  One  Volume,  as. 
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First  Standard     .       .06 
Sbcond      „  .       •    o  zo 

Third  .       .10 
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FRENCH. 

24.  French  Grammar.    With  Complete  and  Concise  Rules  on  the 

Genders  of  French  Nouns.    By  6.  L.  Strauss,  Ph.D.    is.  6d. 

25.  French-English  Dictionary.    Comprising  a  large  number  of 

New  Terms  used  in  Engineering,  Mining,  See.    By  Alfrbd  Elwbs.    is.  6d. 

26.  Englic>- French  Dictionary.    By  Alfred  Elwes.    is. 
25,26.  French  Dictionary  (as  above).    Complete,  in  One  Vol.,  3s.; 

cloth  boards,  3s.  6d.    *#*  Or  with  the  Grammar,  cloth  boards,  4s.  6d. 

47.  French  and  English  Phrase  Book :  containing  Intro- 
ductory Lessons,  with  Translations,  several  Vocabularies  of  Words,  a  Col- 
lection of  suitable  Phrases,  and  Easy  Familiar  Dialogues,    is.  6cL 

GERMAN. 

39.  German  Grammar.      Adapted  for  English  Students,  from 

Heyse's  Theoretical  and  Practical  Grammar,  by  Dr.  G.  L.  Strauss,    is.  6d- 

40.  German  Reader :  A  Series  of  Extracts,  carefully  culled  from  the 

most  approved  Authors  of  Germany ;  with  Notes,  Philological  mad  Ex- 
planatory.   By  G.  L.  Strauss,  Ph.D.    is. 

41-43.  German  Triglot  Dictionary.     By  N.  E.  S.  A.  Hamilton. 

In  Three  Parts.    Part  I.  German -French- English.    Part  II.  English-Ger- 
man-French.   Part  III.  French-German-English.     3s.,  or  cloth  boards,  4s. 

41-43  German  Triglot  Dictionary  (as  above),  together  with  German 

&  39.     Grammar  (No.  39),  in  One  Volume,  cloth  boards,  5s. 

ITALIAN. 

27.  Italian  Grammar,  arranged  in  Twenty  Lessons,  with  a  Course 

of  Exercises.    By  Alfred  Elwbs.    is.  6d.       ^ 

28.  Italian  Triglot  Dictionary,  wherein  the  Genders  of  all  the 

Italian  and  French  Nouns  are  carefully  noted  down.  By  Alfrbd  Elwbs. 
Vol.  1.  Italian-English-French.    2s.6d. 

30.  Italian    Triglot    Dictionary.      By  A.  Elwks.      Vol  2. 

English-French-ltalian.    as.6d. 

32.  Italian  Triglot  Dictionary.     By  Alfred  Elwes.    VoL  3. 

French-Italian-English.    2s.  6d.  

28,30,  Italian  Triglot  Dictionary  (as  above).    In  One  Vol.,  7s.  od. 

32.      Cloth  boards. 

SPANISH  AND  PORTUGUESE. 

34.  Spanish  Grammar,  in  a  Simple  and  Practical  Form,    with 

a  Course  of  Exercises.    By  Alfred  Elwbs.    is.  6d. 

35.  Spanish-English  and   English-Spanish    Dictionary. 

Including  a  large  number  of  Technical  Terms  used  in  Mining,  Engineering,  &c. 
with  the  proper  Accents  and  the  Gender  of  every  Noun.  By  Alfrbd  Elwbs 
4s. ;  cloth  boards,  5s.    V  Or  with  the  Grammar,  doth  fcjards,  6s. 

55.  Portuguese  Grammar,  in    a  Simple  and  Practical   Form. 

With  a  Course  of  Exercises.    By  Alfrbd  Elwbs.    is.  6d. 

56.  Portuguese-English   and    English-Portuguese   Dic- 

tionary? Including  a  large  number  of  Technical  Terms  used  inlying, 
Engineering,  8tc,  with  the  proper  Accents  and  the  Gender  of  every  Nona. 
By  Alfred  Elwbs.  Second  Edition,  Revised,  5s. ;  cloth  boards,  6s.  %•  Or 
with  the  Grammar,  cloth  boards,  7s. ___ 

HEBREW. 

46*.  Hebrew  Grammar.    By  Dr.  Bresslau.    is.  6<L 
44.  Hebrew  and  English  Dictionary,  Biblical  and  Rabbinical; 

containing  the  Hebrew  and  Chaldee  Roots  of  the  Old  Testament  Post- 
Rabbinical  Writings.  By  Dr.  Brbsslau.  6s.  ,.     -   „„._  - 

46.  English  and  Hebrew  Dictionary.    By  Dr.  Beesslau.    ts. 

44/46.  Hebrew  Dictionary  (as  above),  in  Two  Vols.,  complete,  with 

46*.     the  Grammar,  cloth  boards,  ias. __^_____ __ __— 
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